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o — i¥ c7) {t ^ -e >s „ m.^{z.[t^i^tiT y h i^r ~y ^ 

>Oliit^^^t. 7bC7)fe^E^/c0iJ^>*-i> (Plant Cell. 7 (199 
5) Holton and Cornish, p. 1071 . Plant Cell Physiol. 39 (1998) 
Tanaka et al, pll 19. ) o t fz ^ T > t> v T - >(7) (i , 7i^mm.(D 
pH(C hi^^ L , In] U T > h V T — > 7K?t?S(7)pH;6<ct3'|4t:^,> Ifl^ 

T;U:?7 U1±T»W< (^{-^fb^. ( 1998^5 ^) ^mt^B. 

P. 25) „ 



wo 01/14560 PCT/JPOO/05722 

UmW^4-^ ^ Z t ^nx :h (Plant Cell, 7 (1995) 
Holton and Cornish , Trends Plant Sci. 3 (1998) Mol et al. 
p212 ) o tztAlt^ T -9- #^ (Ipomea tricolor) iz^i^Xit^ # 

(7)pH*^*6. 6 t^hl.l (z±#-r -S fzisbX^ =^ :i t t^'m nr l^ ^ (Na 
ture.373 (1995). Yoshida et al. p291) o 

Ilijtt.°a7>j-X7T 9 — \.z ^ X M'&i ^ nx ^ t ^ n ^ (The 
Plant Vacuole, (1997) Leigh et al. Academic Press) ti^ ^ ^ n ^> 
(7) 7° o b y Tt: y v' ti^-^(D^{z ii (D ^ d K :b o r l^ ^ *^ it Bi x it 
ttz^ i-hV'yi.^^y- y° a h y r > ^ — 9 — ( T . 
Na^ -H ^ r y^^°- - tmm) ^<m!!^<7:)mmiz^^-t^:it. 

^fz^ Na* - H * T > ^ .-K - ^ - {i . mm(D 9V t ^ (D y z3 h y mm. 
^iH(3{i<#LT^ h u 'y ^ y ^ mmp^ izmm L . -^(omy'tn i> 

$ "=> (Z. Na* -H * T >^rK - ^ -C±. 5> T Mil^ 177? £7) ^ S K 
^ ^ d .h $ n T v^ o U b ^j: <^ . CD pHcD $ij (z ^ 

< (7)*^QcDMs>i^'* 0 . (D X o iz Lxmm. !^^iz7t^mmcDp\i^< 

nx ^^(D^Ht^ :^mmx^ ^ (l^^JiThe Plant Vacuole. (1 
997) Leigh et al. Academic Press) » t fz ^ pW^ 

m iz±m-^-^. mm±mm t^mn^^n hntz z. thu< ^ 7t(D'^t 
K 7°^> <^ ^ a > i:^' $ zcomBi^^rnxLtzmmitmi^ 

'\^^mnLfz Z t itm ^nx (Proc. Natl. Acad. Sci. USA 

96 (1999) Gaxiola et al. pl480 — 1485) . Z (D r y ^ tT' - 9 - 
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wo 01/14560 PCr/JP00/0S722 

K T >!> i:' -9 t± ^ ^ n T l^ /j: i> „ 

^iztj: ;b z t iz ^ it^(Dmm(Dpn^<±^-r ^ t^nx^.^^ (PUn 

t J. 13 (1998) van Houwelingen et al. P39. Trends Plant Sci. 
3 (1998) Mol et al. p212) „ (D o ^ (D — r>Ph& it-tXlz-^/u 

Plant Cell 5 (1993) Chuck et al.p371) . Hl^ {c <h* CD J: -9 /j: ^ f b 

^tz^ T-^tr^ (Ipomea nil) lzi5\.^xit^ ^M^CDM^t^ ^7t 

tm(D^^mizm^^m&^m^<^^ <-:>>6^*o. ztn^cDo-^ i 9 
^'mmm^x^;s> z ^*^'^^,nT^^^ im^mmx^i^ - x 5 (i 

996) pl32,|gffl<^ ^P?±. Annal. New York Acad. Sci., (1999) 
lidaetal. p870)„ znih(D\^X^n^XltU<m^(D:lt^^7!)- 
^^^O i^U-otz9^^(DmmiZ^ 'OM'^^n^ 1 ^tfs?/^^ Purple 
mi^^mtSfXf (T. Hagiwara (1931) The genetics of flower co 
lours in Phrarbitis nil. J. Coll. Agr. Imp. Univ. Tokyo 51. 
241-262. : Y. Imai (1931) Analysis of flower colour in Pharbi 
tis nil. J. Genet., 24: 203-224.) . ^ (D7t^ iz ^ 9 ^ - ^ 
^ L;^7b5'I^*^^±^^^'|4^^^7)T >; purple-mutable (pr 

-m) t^Ml^ i^Htz U. Coll. Agric. Imp. Univ. Tokyo. 12 (193 
4) Imai, p479)o U^. Purpleite^H tz ^3^-^ -i. it ^ Purple 

<1<7) W t^^^[i^^.|4(7)purple56^ ^ (Di^m^mM^f^.Mmiz J; 0 ^ 

i^tztm^^n^ ^ '^iz±mmmmmmmmmwi>^mx^ ^„ z 
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wo 01/14560 PCT/JPOO/05722 

tiPurple-revertant(Pr-r) t^Mlf :i(7) ^ t^cC ^ * it >f5 ^ 6^ g? 

^j: ^^m^m<Dix^m t lx ^ /-^^ ^ . ^ ^ . — - v a > , # 

- ^ 7 ?^<i <!: 0 . d n <^ C± ^ b T tJ] 0 7b ^ ^ „ I^ISpH 

^ij ^ -r ^ M e M ® ^ 0^ 0 . c n ^ =3 - K -r -1. it CD m 
^ 0^ CO r»T ^^ 

2 BmcDT I ymmn^ ^ - I'-r ^mii^T-. * ^ '.^l±iS?iJ#-§- : 2 

^Rxf / tfziti^cDT ^ y miz ^m^iz X 10 mm ^ nx ^ r 



wo 01/14560 PCT/JP00/0S722 

•t ^ o 

^^B^(i$<i(z^ fiiiScT^itfe^. ^/■ctiHi)fec7)^:7 37 — ?r^iit^3^ 

n 1 ti. X ^ K p SPB 6 0 7 (Dm^^^^.-trnx^^, 

H 2 ti. ^7 X ^ K p SPB 6 0 8 (Dmm^fFirmx^^^ 
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wo 01/14560 PCT/JPOO/05722 

03 ti. 7°^X^ KpINA 1 4 b (DmM% TT^irmr-^ ^ , 

m A it^ -7° ^ X ^ K p I NA 1 4 7 (Dm^^fr^-rmr-^ 



o T 'i* z t itm ^t^r-i±$) ^ A< ^ CO *i It o l^ T t± ;f -t? ^ 

o 

> 7t^^MB-t ^MBl^ tm ^ o -eciT-, pr-m^M^* t ^ (7) 

tl'jf ^M^^i* ^ ffl v> T , h ^ > .-K y > • T-- f X 7° u (z ^ 0 
. t -Tpr-mfz^Mfl^lc^^ti-^PurpleJie^SH^iJ^ B 7 A DNA 
KIT >t ^ (51 ^ b . o^,^-ePu^pleJl^E?^I5]^ bJto 4" 0 tf tl Pu 
rp 1 eit ^ < ^ ^ ^ i: i3 T 7 ti K 7' V X T'j: <!: (7) Na* - H ^ T > 
^.-K- ^ - ^|gPt4 pr-m^MiiPurpIeil^E^ C7)5' IPI^IRM 

h 7 > X .-tf y > 7{)^^^f A $ ti T l^ o 
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wo 01/14560 PCT/JPOO/05722 

^ ^ 0^ (3 M ^ -i) „ 

i-'l^i^T . ^iJ;ttf5xSSC . sot (7)^{tT-e/N^ -7' U X R-D 

mn^^com.mmno^m^izii'yx^ts.r) ^ m^^tr^ /m%m^ 

:3 — K -r ■?> 1 81^ S *i 'S> DNA 7 7 r ^ > h ^ 7° a — 7* <i: L /c if 

L T (i , * m CO . ^'J ^ (±*Mi^ S 3fe O © . j^J ;i Ci\ ^ ^ ^ 

T ^ J: VN„ * T'c. /N-Y -7* >; r-r -tf -v 3 > (3 J; o TJl^ ^ n^i.it 
{e^ ticDNAT?* T J: < , 7 A DNA ^ T 4> J; „ 

mt^LXisf) (FEBS Lett. 424 (1998) Debrov et al..pl T ^ 

ymmmx2 o% \;i±cDmm^^mr ^ (j.Bioi.chem. 272(1997) 

Orlowski et al. . p22373) » 

^ ZX^^BBit^ ihlzmmm^ : 2 izt^mcDT I ymm^^llzML 
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wo 01/14560 PCT/JPOO/05722 

m ^ If cDNA^ 7' -(Dx ^ rizx-y -cm hti^o ttz 
. fi^ifp $ n T ^ y miB^ij w -r M s M ^ =1 - K -r ^ DNA it^^ 
c^jtfe^iH^ij^wr ^DNA ^mmtLx^ nmco^^m^mmmmm'p 

A if^n-^^3^c^cDNAi/i:tiy y ADNA (D mmmm^miz ^ X m . 

-r -i. DNA ^m^izit^ m^itM^^ ti- ^ y mmm j: 0 s i> r ^ 

DNA mn^-^m.^^ ^isi-ncfj;i^o 

m ^ ^ - h' ^ ^ Mi^i^ 0) ^ izm"^ ^ n ^ h (D X it t£ < ^ mw. t lx 

> =^ ?J5^ i±i 1" h a V - ^ t# o T n l> o 

<h ^<X ^ $ <^ (3 . ^s^31{e^ ^^Ji $ ^ c t J: 0 . mB 

^Mi^Tfe ^ i^ss<7) pH ^mm-r ^i[^'\^^mir ^mmn^n^ z t 

^<x^^o ^ ^ ^^ittfz. '^m^^ : 2 iztEm(or ymw.^UzM 
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wo 01/14560 PCT/JPOO/05722 

t;6^•T•#^„ m^^^t j^xitmm. m^if^i^^ u tr ( 

Escherichia ) Mlzm-t ^^mm. M^lii^Mm (Escherichia coli 
) . /N*v;bX (Bacillus) M'^^^ . ;t Cf /n' v ;b X . x "7' v ;u x 
(Bacillus subtilis ) if^ m (Om^ ^ m ^ Z. t Tb< X ^ ^ ^ M 

mx^ ^mmtfzit^.^mt^i^mx ^ 

PS b T (ifij ;i {f -9- -y * a 5 -tr X ( Saccharomyces ) JMU^^ 
X X. {f -9- 'v a ^ -fe X • -tr b t* i/ (Saccharomyces cerevi siae) 
^A<^^f^n^ t tz^.^m t LX ItT )\^^' )l :^ (Aspergillus 
) mU^m. m^itr }l 7. ' t V -{f (Aspergillus oryzae 

) ^ TX^;u^';bx. ~:tf— (Aspergillus niger ) ^ ^ iy f) ry 
A (PeniciUium ) MU^^ rb^m if ^ ti ^ . ^ ^ izm^^mmt fz It 

m^mm^u^mx ^ ^ wj^mmt Lxit^ ^'^x. /^i^x^-. -y- 

'MmcDy'u^— 9 — . ^^J^Cftrc ^'a^-^-, tac y' a =e - 9 - 

. lac y'o=e-9-mA<mm-^irL. wmm y° ^ ^ - 9 - t L x . 

m ^ it r 'J -fe ;u T ;b t K 3 U > M t-' t K □ y ^ - -t' 7° a ^ - - 
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wo 01/14560 PCT/JPOO/05722 

m^l.:£T ^ ^-"ify'u^e— 9-^ trpC7° □ - ^ - ^ ;6>* ffl $ n ^ 

o 

— ^m^ If SV40T -U-ra^-^-. SV40 V - V -f u =t - ^ - ^: 
-K-r^itfE^. Na" -H " T >^.-K- ^ -it^E? ^ 

c ti <^ o 15 i" -?> t $) 0 . o^fem.i.t'Q] "0 i^-Q ^ ^ X h 

tii L t ^ b U A ^ > (7) ^ A n $r tf -9 C <b ^ . (3 
t" C i: # ^ „ 

-ti- ^ :i <!: a pjfg -e * ^ L . * /i T > ^ -tr > X ?i =1 if 7° U -y V 3 > 

1 0 



wo 01/14560 PCT/JP0O/OS722 

. V ^ ^ y > . ^ > . h ;u n 4^ + 3 ^ ^ -7 i; _ 7^ ^ ^_ 

^ "7 V ^ ^ 7.^ ti ^ ^ 7!77>3JC.^ 

tir l^^ ^ /J^ E . ^ . 4^° 7" b . h -7 h . 7* 7 . /^' ^ ^ . J. - 

* U . -9- 'y ^ =E , y 4 T )i^y r jvy T . ;b - > . h ^ □ 
II S/ /j: if 75^* (f n c: n «i |5g ^ $ n -!> ^ T ti T'j: l^ o 

<h < (Z ir T'ci: i^pg 0 . Molecular Cloning ( Sambrook et al. , 198 

9 ) izitir>tz^ 

titJ*fflSSl¥ V U -X 5 (1996) pl32. Igffl <^ ^?H?±.Annal. 
New York Acad. ScL, (1999) lida et al. p870. Plant Cell. 6 
(1994) Inagaki et al.p 375. Theor. Appl. Genet. 92 (1996) 1 
nagaki et al. p499 ) » 

it{E^M (Pr-r/pr-m ) ^ ^ ^ r if t i\ ida et al. p870 . 
Plant Cell. 6 (1994) Inagaki et al.p 375. Theor. Appl. Genet 
. 92 (1996) Inagaki et al.p499 ) ^SmS^L. ftf^OS^^ 

^rl^liEL. mi^l^m (Pr-r/ Pr-r) 4d J; (pr-m/pr-m) ^ ^ T ^ h 
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wo 01/14560 PCT/JPOO/05722 

h i> T — > -e * 0 . ^ CD fife id < O C7) T > h v T — > # * tl 
(Phytochemistry 31 (1992) Lu et al. P659 ) „ 1 T-ff <^ 

n/iPr-r/ Pr-rt* <!: pr-m/pr-in I* c7) F^f^^ /c # =^ |5l It g?^?T L i: 

^ ^ > (3 -g- s n -S) T > h V T ^ > i± (5 {? 11] — -e * /-c <, 

-b a > 7^ - y 5: ^iij (7) (3 M 0 . fij "T C .h <fc 0 — B O ± 

XW&'tmtz, }?IH-^'i-^ U /S-B212P H (i|*5C^?±iii§M{'F 
m) (3TpH^?BiJ^ L fco Pr-r/ Pr-rt* O 7E#±^ fflBS (D pHCi ^ 7. 1 
T'fe o /cCDtz^ L. pr-m/pr-ra c7)Tb#±-^*fflfla (D pHli^G. 5 
o/Co C7)^±^ti , purple(7)^M J: ^TbfeO^fbti . T > h T 

- > <7) <i it (- ct ^ (7) -e Ci < ?^ (7) pHO ^ ft (C cfc -g) i> O "e ^ ^ ;i 

mBi" (D mmiz It h "7 > x V y r ^ X y u - m a tz t ;t itp\an 

t J. 13 (1998) Prey et al. p 717 . Plant J. 13 (1998) Van d 
en Broeck et al.pl21) * -i. t Mi M (l^l O 75" ?i (m^mmx^iy V - 
XI ( 1997) . ±^h^ pl44. ^m%±) ?rfflt>. pr-m/pr-m mt?v 

- w/pr-m t^(3li#^EL. Pr-r/ Pr-r^^* i: if t41* (3 C± # ^ L /.C l^ DN 
A C7) /<> K L o T -9- # ^ T Ci Tpn 1 M M t7) h 7 > X V 
> 7?)^* £ (3 ^ ^^ti K L T -i. ^ % ;t n (7) -e . d ^ 7? i> Tpnl 
M O h 7 > X y > (3 * g L /i „ 

pr-m/pr-m ^fef^DNA ^tttiiL. 125ng ^20 

ii\ ^X-UseXX-mitLtz^ mitl^fzMk (c80 pmole (DViseXT 9' 
9 - (5' -GACGATGAGTCCTGAG-3' : 3 ) t 5* -TACTCAGGACTCA 

T-3' (le^ijS-^ : 4) % r ^- }V Ltz h (D) % 2b u I t;^ T'20't -e2 
etfa^f^iD L/Co 7bVX\0^fB^m^Ltz'ik. -20 tT^-t^Wt/Co Ztl 
^ lOm^^RLtz'ik. 2 //I $:^M^L. ^n^4. 8 pmole CDllR y° 
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wo 01/14560 PCT/JP00/0S722 

7 V - (5' -TGTGCATTTTTCTTGTAGTG-3' (iH^'J#-^ : 5 ) . h 7 > X 
yt^V yTpnlCDMi^^^m^ MLmn^stj) tA,8 pmole (DUsely° 
^-f-e- ( 5' -GATGAGTCCTGAGTAA-3* ) (i2^'J#-l-: 6) ^ffll^T20 

PGR ti. Taq tUV ^ 7 - -tf (S?iitt*5C^?±) 9 4 t 0.5 56 
r 1 72t: 1 5> ?r 1 9 ))y tL^ 20-9- >r ^ ;b j^J^J L . lOfg # 
f^t^Co C(7)-9t>2 ^^M^LT. 4.8 pmole +N 7° 7 

V - (5* -TGTGCATTTTTCTTGTAGN-3* (iS^iJ#^: 7) N=A, C, G * 
tzitT. 'M-^r-lttJi < A m^fo^i-^. ) ^4.8 pmole <7)MseI +N-7° 7 
^-7- (5'-GATGAGTCCTGAGTAAN-3'. (iH^iJ#^: 8) N=A, C. G t 
tzitLm-^r-ltU < 4 m^^^ 5'$^^7;i/:t o-tr-Y >T^li ( 
T V V A 7 T T/N'-r :f X ^ 5t V i s t ra fluorescence 

5' - ^ U =1' 7 U > ^7' + -y h f^ffl ) ) ^ m ^'•^X 20 ti\ 4^ T-PCR ^ 

jg; ti -e tl ^' n 7° 7 -7 — C7>M'^-n ^itT'^T O fci6 1 6 K^^^ 

i5 :i tji ^ o PCR it . 9 4 t: 0. 5 55- . 65°C 1 ^ (1 ^ 9 )V z' t izO. 
7 'C o'oTCf -!> ) . 72t: 1 5>$:1 -^-f^JUtL. 13-9-1' 7 JlK^L 
. $ <=> (C94t 0. 5 56t: 1 72t: 1 ^^1 "9- ^ ;U ^ L . 13-9- 

^ T t . DNA - :7 i > -9- - 377 ( t° - ^ - /n' 1- v X A 
X V ^ /N- > l^iC^^i ) C7) V - ^7 i > X y ;u (C T m^?7ictti ^ > FM 

Pr-r/ Pr-r^* <hpr-m/pr-m t**^ K ^ it ^ L i: C ^ . ifi^ 

130bp CODNA ir^^J&^'pr-m^rWt- 'i>^(c#M6^{-%?i bT t^/Co .1 

ISObp ODNA ^\S\^)LV . 20 pmole T IR7° 7 ^ - 20 pmole M 

sei 7°7 1' V' - ^ffl I.^TPCR (94^0.5 5?'> 56^1 5>> 72t 1 

1 •9--r ^ ;U t 30^ ^ ^Uj^fS) J: 0 L . pGEM-T^ ^ 5^ - 

I 3 
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(Promega Corporation ) if 7' 7 a - > ^' L . mSlB^'J^?:^^ 

5' - TGAGCATTTTTCTTGTAGTG CTGAGATTTTCCTCCATTTGTCTGAAGCTCTTCATCCTTCAACAC 
TACCCCCACAT CTCACCTTTCAAG GTCCAATCnTATCATTCATCT TTACTCAGGACTCATCGTC -3' 

(i2^ij#-^ : 9 ) 

-e* o ( 1 *T^5§Pti{^ffl L/c7'7 ^ 2 *Tllt±i ^ V 

n-ytbry-if ym^^n -^tztz.^^ Pr-r^m^ if ^ 
W(-C±*^2. 3kb CDfe^i:^i}^7i<#fiE L/i:;6^\ pr-m/pr-m mizltMJ^^^ 
'Sfe^M^t^ti^^t b ^j:*^ o /Co tA^^T. ^(7)2. 3kb roe¥M*^*^'Pu 
rpl eit ? {3 i" ^ ^ t ;b o o 

nafeM 4 . c DNA (pmm 

if ^1*T -9- (Pr-w/Pr-w) da 5^ O cDNA^ 7' 7 'J - (Plant Cel 
1, 6 (1994) Inagaki et al. p375)CD*^600 {@ ^ o - > ^ 1 30bpD 
NA^ )tt7°D-7'^LTX^'J-->rL. 2 ^ u - y CD^^^9 n 

— y^ntz, (7) -9 *> 1 ^ a - > ti. 2237 bp (7) cDNA^r J# . ^ ay 

^ [z [t i626bp7:)^ hfi^^ — -7'y')—'T^ y r y V - i^t^^hntz ( 

: 1 ) o ^?I'J $ T ^ y MIB^'JCi. <h T 7 t' K7° V 
XCONa^ -H* T>^/i<-^- ( n^'tlNhxl. AtNhxl. Proc. Natl 
. Acad. Sci. USA 96 (1999) Gaxiola et al. pl480 - 1485) d ^ 
L-C29.3 73.4% (Z) p] — 'f^ ^ /T^ b /i o 

:i <7)^m*^ T -9-*';^ C7)Purpleil^5^ t±Na^ -H ^ T > ^ tK - ^ 

- ^ =1 - F L -rl^ >!) C t *|J L /: o T 7 b' K 7° v X f# 
"^tifcNa" -H " ry^^'-^-\.t^ PS(3^i>TltJ^'l4?r#^'& 
^ > /N° ^ K ^ L T v± g $ n T i> Na* - H " T > ^ 4^° - ^J' - <!: 
7b C7) t 0 13 ^ B tb $ n /c (Z) (i ^ [Hi T -g. „ 
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wo 01/14560 PCT/JPOO/05722 

^ T ^ tf K 7° V X (7) Na* - H * T > ^ - - (7) ^ n «i t@ (si '|± 
fe^o ^ ZX'm.miZ ^ r ■^rif^tPurplem.iii^m.^^U Na* -H " T 
>^>-K- - MS i: UT^tET-^ 'l.^-PSNa* -H * T > ^4^°- ^ 
- ^ ^ #: ffl t > I^B ^ H ^ -e m IS L /i o 

CBSCl-Linker (22mer)5'- CGA TAG ATC TOG GGG TCG ACA T -3' 

(iH^'J#-i- : 12) 

CSBC2-Linker (22mer)5*- CGA TGT CGA CCC CCA GAT CTA T -3* 

(iH^«J#^ : 13) 

Z(D2r>(Dd}ik m^^^^lt^ Clal-Bgl 1 1-Sal 1-ClaI ^ t^ -9 $»JiSP 
m^it^ ^> o U > * — ;6^*-e # >i>o pYES2 ^9 ^ - ( Invitrogen Cor 
poration) (7) C lalSPfii {C Bg 1 1 I -^f Y h URA3a{E ^ ffliHc & g "T ^ 
O^miz Vtzi< -yX ±tZcD U >*-^}fAL. y°y KpINA145 
^f^mU/c (113) o KpJJ250 (Jones and Prakash. 199 

0. Yeast. 6, 363-366) ^BamHI t Sa\ ixmit L X m ^ n ^ 2kh CD 
DNAi?)^^Bgin t Sal I-ev^-ft L/c7'7 X =: KplNA145 t "7 Y - 
V 3 > L . r 7 X ^ K p I NA147 ^ V fz ( g| 4 ) „ 7° v X ^ K p I 
NA147 CDGkl 1 7°a ^- ^ -<7)$iJ®]Tt- Purple cDNA ^M^LXy' 
vX^ KpINAlSl ?:<^fi£LfCo pI.NA147 4S J: U="plNA151 ?:Na" -H* 
T >5^.-^°- ^ -(7)Emt*T'* ^llSR10U*l::^n^'nff^K^^ t 
o PSRlOmciNa* -H* T > ^ ;K - - ilfsT (7) EM (d J; 0 400mM 
NaCU^AOAPG itifi (Nass et al.. 1997. J. Biol. Chem. . 272, 26 
145: Gaxiola et al.. 1999. 96. 1480-1485) X It^"^ X ^ U , 

P1NA147 ^mnBmLfzR\o\mhmmiz±mx^tii-^fz^<, pina 

151 ^mn^^LtzRlQlWcD^AOOmlA NaCU^j!jPAPG ^i^X h^^^"^ 
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" r y =f- Ti-: - -^^^^ ^ ^ z t i fz . 

T -9- Purple cDNAlOng ^MM i:LT, -^i5K7°7'l'-7-PR-5 
(5* -GGGATCCAACAAAAATGGCTGTCGGG-3' ) (i5^iJS-^ : 10) i:PR-3 
(5' -GGGTCGACTAAGCATCAAAACATAGAGCC -3') (i5^'J#^ : 11) ^ ffl 
TPCR ^^f o fco >i< U y V - -bf Taq tH 'J ^ 7 - -tf (m#^t^*fj* 
5t^?±) ^mmL. AbfPKJt'^k. 95t45#. 50r45#. 7210 45 
fp^l -9-^ ^ ;b t L . 25-»f ^ ;u>^fc; b . $ 72Jg TMO^^RfE: b 
fco t# "^n/c^^l. 6 kbcODNA ^pCR2. 1-Topo ( ^ □ > x ^ i|* 

^ ?± ) 7 y - V 3 > L . pCR-purp 1 e <!i L fc. ^ O 7° v X ^ K 
±CDPurple c DNA SiB^iJ (3 PGR J: ^ 7 - t^cC t> ^ t ^ fitlS 

t /Co 

PBE2113-GUS (Plant Cell Physiol. 37 (1996) Mitsuhara et al 
. pA9) ^ Sad -emit L ^ ¥ ?t 5^ { b L /clt . XholUv*- (m#M 
*St*5t#a:) ?rJfAL. |# <i ti fi: 7° ^ x ^ K pBE21 1 3-GUSx i: L /c 

0 cn$:EcoRl -bHindlll "e^^^b L Tff «?> ti *^2. 7 kbODNA IfrM- 
^r pBinPLUS(7)Hidl 1 1 t EcoRl mita^ tm^t^ . m ^ntzy'^ X I k 

=grpBEXP <!: L/Co 

— 3^. PCGP484 (#^¥8-5 1 1 6 8 3 -^^fg) ^ Hindi 1 1 t 
XhalT-mitLxm ^m\.2kb ct^dNA li?>T-^:. pCR-purple^Xbal 
tSaWr-mitLxm ^mi.Qkh cdDNA iir^T-^. pBEXP ^Hindll 

1 <!; Xho 1 -e mitLxn<^n^ 1 3kb(D DNA ^ 7 -< ^ - v a > L 
. PSPB607 ^mtz (m \ ) o ;i (7) 7° 7 X ^ F . T r a /N' ^ 7^ U 

K ± , Purple cDNA it. + > a V ^ S 3^ * ;H3 > -> > ^ - 7° 
□ ^ — ^ - i: . T r o /< 7 X U 7 A i 5^ (Z) 7 /N° U > > ^ - -f ^ — 
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5 ^ - - (D^'MT ^ o 

tfz^ PCGP669 8-51 168 S^^ipg) Hind HI t 

BamHI "e^^^fb U Tf# «i n ^ ,^5^0. 8kb ©DNA »/r>^ t . pCR-purp 1 e ^ Ba 
mHI tSallT-?^<b tTf#«^n^|^1.6kb <DdU m^t. pBEXP =&Hi 

ndiii txhoi-emit x^xn^n^m iskbooNA ^it^^-ry-v-a 

> L . PSPB608 f# ( H 2 ) o :l(D'7'=> K ti . T r a vn' ^ x 

X 5 F _h , Purple cDNA t± . ^ i — T S 5fe * ;b a > i> > ^ - -tf 
A -7° □ ^ - ^ - i: , T ^7' □ /N' i7 7^ 'J A S ^ CO y /N- U > i> > - -fe' 

^f-7Cl^(c^0. ?^Sac7)pH$-^J^L. Tbfe^lilPi^-g. c 

o 

MMfLL- Purp I e ^ Tfx ^ □ ^' CO ^ gg 

^^^-T (Petunia hybrida Old Glory Blue ) . — -b 

>^;U+'T (Nierembergia hybr idaiSrIlNB 17 ) , hb— T (Tore 
nia hybrida ShM-^ — ^ — - ^'^U— ) (Z) 7b# S 5^cDNA libra 
ry^rcDNA synthesis kit (Stratagene USA) ffl l> T ti ^' ti 

(7) ^ a - > ^5* ti^ o T . X ^ U - ^ > r L o . ^ > 

7' U >t7)^Vf 5 X SSC. 0. ISd SDS 7Kli?^^ffll>. 50rT-105> 

4-'T CD 9a- y (DmrnmnRz/t^ft-t ^ r i y ^le^iis-^ : 

1 & RZf I 7 (3. -etThU-TCD^a - > ©Jt^SiH^'j St/ Mi^i^-r 
^7 ^ yMiS^ij^rK^im-^ : 1 8 1 9 izfr^-to ^=.r ^ ^ 
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— \y > ^ ;U 4-* T D^' h b — T Purp I eilf5^ W .ix ^ a ^'(i, r iS 
^ ©Purpleiife^ £C*^LTT^ y®fU^ ;U ^ tl -e n 75% . 76% S. 
r>'71% CO |5j — ^ /Tn L /-c o 

T -9- # ^ Purp 1 ^ >6^*=i - K-r-S Na* -H ^ y^y=f-it'-^-t 
T 7 t' K 7° V X (7) AtNhx 1 — K f 'i) Na* - H ^ T > ^ .i^ — ^ - 
COT ^ y miH^iJ(7)[5l — tt;:>^*|^J73%T-^ ^ C ^ . 3 X-ntz^^ 
^ — T . — - b > ^ ;b 4-' T . h U - T (7) Purp i eit ? <Z) 4-^ ^ a r 
. Na* - H ^ T > ^ - - 5- 3 - K L T t^ ^ i: ^f^ij $ n o 

Hj^^J 8 . T -l^ Purple ^fe^ ^ a — > C7) 

^^MT -If*-^ (pr-m/pr-m) MM T -9" ^d" (Pr-r/Pr-r) cD ^ 

fe^DNA ^Bglll T'tjUKfrm. 0. SSiiT :^7' □ - X y ;b T^SM^^IcKj b . T 
■tf Purp 1 e C7) cDNA ^ 7° □ — •/ ^ ti ^' n y y 5: -y ^ If -»f > #f ^ 

7. 5kb(D/<> K ^^ai b/Co 

if'l4MT+/-*'^ (Pr-w/Pr-w. KKZSK2^.^) (7)^fe#:DNA 50/zg ^ 
Bglll -etTJi^f^, 0. 8%T*'a-xy;UT'«mbTcS!j m 7~9kb C7) 
SP^^tTJ 0 tti L T GENECLEAN III KIT (BIOlOl) =^ ffl l^ T DNA-^tt 
iiL/Co C (7) DNA^AZap express vector (Stratagene USA) \z=; 

y — V 3 > L . T -t^- :^7-' Purp i e O cDNA ^ 7° a — 7* i: L T X ^ U 

- — > y* o M ^ntzTi-: V y- ^ y 9 u — y (Di^m^m^^'i^'^Ltz 
tZ.^^ :lcd^ 7. 5kb(7)DNA if ^ tCPurplecT) -7° □ ^ — ^ -±^l*^6. 
3kb t:^^^J y 3 0)ittp^r-ay$Mi^^^^^Ltz„ CI (7)ie^iJ (7) Pu 
rpleit{E?(7) r?€$^ =3 K > ^ T'C7)iB^ij $riH^iJ#-^ : 2 OiZTf.to 

Purpleilfs^ti. T if ^ CDm7t^^2Ammm IZ (D < 
m^ri^nt^ ttz^ 5 * -^^i??tRfIi|!c'^0 h 7 > X>-K^/>c7)Jf A 

(DZ.tt^h. f# n/c Purp leit^E^(7)7°o ^ - ^ -^116)^(3 (i^ 
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*D -p T ^ d <h ti i6 T «^ i /j: o o ^ ^^moymii:^ 

^7b#T'^]S-r -?> CI J: 0 . ^^BSOpH^^ ±# $ -fr . 7t(D^^n< 

:^mm iz is X m <h titz T if ^ ^ ^(D h fz X U < . mo)^!^ 
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SEQUENCE LISTING 

< 1 1 0 > SUNTORY LIMITED 

< 1 2 0 > Gene coding for protein having an activity to 

control pH in vacuoles 

< 1 3 0 > 994020 

< 1 6 0 > 20 

< 2 1 0 > 1 

< 2 1 1 > 2237 

< 2 1 2 > DNA 

< 2 1 3 > Ipomea ni I 

< 2 2 3 > Nucleotide sequence of DNA coding for protein 

having an activity to control pH in vacuoles 

< 4 0 0 > 1 

agaatgtagg ctacagaaat tttcagacag atagatacat aaatccgtat aatagagaca 60 
gagaaacaga aaaagagaga gtcacgttaa tcctgagatt ttcctccatt tgtctgaagc 120 
tcttcatcct tcaacactac ccccacatct cacctttcaa gtgatttgta tgttttcggg 180 
agggattgga atgggcaacc cggatatgtg aacagaaacc acgacattgg gaaaagattt 240 
attgcaaaaa ttgttttgat tgttttggat tttgtggtag aaaaagggga agaacaaaa 299 
atg gcg ttc ggg ttg tct tct ttg etc caa aat teg gat ttg ttc acg 347 
Met Ala Phe Gly Leu Ser Ser Leu Leu Gin Asn Ser Asp Leu Phe Thr 

15 10 15 

tct gat cat get tec gtt gtg teg atg aac etc ttt gtg gcg ttg ctt 395 
Ser Asp His Ala Ser Val Val Ser Met Asn Leu Phe Val Ala Leu Leu 

20 25 30 

tgc gca tgc att gtt ctt ggc cat eta etc gag gag aat cgc tgg gtg 443 
Cys Ala Cys lie Val Leu Gly His Leu Leu GIu GIu Asn Arg Trp Val 
35 40 45 
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aac gaa tec att act gcc ctt ata att ggt ttg tgc acc gga gtt gta 491 
Asn Glu Ser He Thr Ala Leu He He Gly Leu Cys Thr Gly Val Val 

50 55 60 

att ttg etc ett age gga gga aag agt tea cat ctt etc gtc ttt age 539 
He Leu Leu Leu Ser Gly Gly Lys Ser Ser His Leu Leu Val Phe Ser 
65 70 75 80 

gaa gat ett ttc ttt ata tat etc ctg cca cet ata ata ttc aat gcg 587 
Glu Asp Leu Phe Phe He Tyr Leu Leu Pro Pro He lie Phe Asn Ala 

85 90 95 

ggg ttt caa gtg aaa aag aag cag ttt ttc gtg aac ttc atg aca att 635 
Gly Phe Gin Val Lys Lys Lys Gin Phe Phe Val Asn Phe Met Thr He 

100 105 110 

atg ctg ttt gga get att ggc aca ctt att age tgt tct att ata tea 683 
Met Leu Phe Gly Ala lie Gly Thr Leu He Ser Cys Ser He He Ser 

115 120 125 

ttt ggt gcg gtc aaa att ttc aag cac tta gac att gac ttt ctg gat 731 
Phe Gly Ala Val Lys He Phe Lys His Leu Asp He Asp Phe Leu Asp 

130 135 140 

ttt gga gat tat tta gca att ggt gcg ata ttt get gca acc gat tct 779 
Phe Gly Asp Tyr Leu Ala He Gly Ala He Phe Ala Ala Thr Asp Ser 
145 150 155 160 

gtt tgc aca ttg cag gtg etc agt cag gat gag aeg ecc eta ctt tac 827 
Val Cys Thr Leu Gin Val Leu Ser Gin Asp Glu Thr Pro Leu Leu Tyr 

165 170 175 

agt etc gtg ttt gga gaa ggg gtc gtc aat gat get aca tct gtg gtc 875 
Ser Leu Val Phe Gly Glu Gly Val Val Asn Asp Ala Thr Ser Val Val 
180 185 190 
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ctt ttt aat get att caa agt ttt gac atg act agt ttt gat cca aaa 923 
Leu Phe Asn Ala He Gin Ser Phe Asp Met Thr Ser Phe Asp Pro Lys 

195 200 205 

att ggg ctt cat ttc att gga aac ttc ttg tat tta ttt etc teg age 971 
lie Gly Leu His Phe lie Gly Asn Phe Leu Tyr Leu Phe Leu Ser Ser 

210 215 220 

act ttt ttg ggc gtg gga att gga ctg ctt tgt get tat att ate aaa 1019 
Thr Phe Leu Gly Val Gly lie Gly Leu Leu Cys Ala Tyr lie He Lys 
225 230 235 240 

aag eta tac ttt ggc agg cae tea ace gat egt gag gtt gee ctt atg 1067 
Lys Leu Tyr Phe Gly Arg His Ser Thr Asp Arg Glu Val Ala Leu Met 

245 250 255 

atg etc atg tet tac ttg tet tat ata atg gee gag tta ttc tat eta 1115 
Met Leu Met Ser Tyr Leu Ser Tyr lie Met Ala Glu Leu Phe Tyr Leu 

260 265 270 

age ggc ata ctt act gta ttc ttc tgt gga att gtc atg tet cat tat 1163 
Ser Gly lie Leu Thr Val Phe Phe Cys Gly lie Val Met Ser His Tyr 

275 280 285 

ace tgg cae aat gtt ace gag age tea agg gtc act act agg cat tee 1211 
Thr Trp His Asn Val Thr Glu Ser Ser Arg Val Thr Thr Arg His Ser 

290 295 300 

ttt gca act ctg tea ttt gtc gea gag aca ttt ate ttc etc tat gtt 1259 
Phe Ala Thr Leu Ser Phe Val Ala Glu Thr Phe lie Phe Leu Tyr Val 
305 310 315 320 

ggt atg gat gee ttg gat ate gag aaa tgg aaa ttt gtg aaa aat agt 1307 
Gly Met Asp Ala Leu Asp lie Glu Lys Trp Lys Phe Val Lys Asn Ser 
325 330 335 
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cag gga eta tea gtt gea gtg age tea ata ttg gta gge eta ate tta 1355 
Gin Gly Leu Ser Val Ala Val Ser Ser He Leu Val Gly Leu He Leu 

340 345 350 

gta gge aga get gcg ttc gta ttc eec ttg teg ttt tta tee aac tta 1403 
Val Gly Arg Ala Ala Phe Val Phe Pro Leu Ser Phe Leu Ser Asn Leu 

355 360 365 

gea aag aaa aae tet teg gae aag ata tee ttt agg eaa caa ata ata 1451 
Ala Lys Lys Asn Ser Ser Asp Lys He Ser Phe Arg Gin Gin He He 

370 375 380 

att tgg tgg get gge eta atg aga gge gee gte tea ata gea ctt geg 1499 
He Trp Trp Ala Gly Leu Met Arg Gly Ala Val Ser He Ala Leu Ala 
385 390 395 400 

tat aat aag ttt aea ace teg ggg cat aeg tea ttg cae gag aac gea 1547 
Tyr Asn Lys Phe Thr Thr Ser Gly His Thr Ser Leu His Glu Asn Ala 

405 410 415 

ata atg att aea agt act gtt aeg gtt gtt ctg ttc age aea gtt gta 1595 
He Met He Thr Ser Thr Val Thr Val Val Leu Phe Ser Thr Val Val 

420 425 430 

tte ggg ttg atg aeg aag ect etg ata aae ctt ctg eta eec ccg cae 1643 
Phe Gly Leu Met Thr Lys Pro Leu He Asn Leu Leu Leu Pro Pro His 

435 440 445 

aag cag atg eca age ggt eat teg tea atg aea aea tec gaa eec agt 1691 
Lys Gin Met Pro Ser Gly His Ser Ser Met Thr Thr Ser Glu Pro Ser 

450 455 460 

agt ccg aag cae ttc aeg gtg eca etc etg gae aae caa ect gae tea 1739 
Ser Pro Lys His Phe Thr Val Pro Leu Leu Asp Asn Gin Pro Asp Ser 
465 470 475 480 
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gaa age gat atg ata acc gga cct gag gtt get ega eea act gee ttg 1787 
Glu Ser Asp Met lie Thr Gly Pro Glu Val Ala Arg Pro Thr Ala Leu 

485 490 495 

ege atg ctg eta agg aeg cca acc eac ace gtg cac ege tac tgg cgt 1835 
Arg Met Leu Leu Arg Thr Pro Thr His Thr Val His Arg Tyr Trp Arg 

500 505 510 

aag ttt gat gat teg ttt atg cgt cce gtg ttt gge ggg egg gga ttc 1883 
Lys Phe Asp Asp Ser Phe Met Arg Pro Val Phe Gly Gly Arg Gly Phe 

515 520 525 

gtt ecg ttt gte gcg gge tea cca gtt gag cag age ect aga tga 1928 
Val Pro Phe Val Ala Gly Ser Pro Val Glu Gin Ser Pro Arg 

530 535 540 

ggtaeaaagt acaaacaaga eactgttget gggtgaaata gtgtaagttg tateatagtt 1988 
gattctggtt gcecetctta tgaaatggge tgggtgaaag tettcteact agctaggttg 2048 
eattgeattg ctacttcata aatgttttat tttattttgt aaatgttggt gcattttagg 2108 
tacttgtatt aaeaccteat ttgtageata ttatttggta eagagtattt tttttatgaa 2168 
acaataatgg etgaattatc aatttggete tatgttttga tgcttagtaa aaaaaaaaaa 2228 
aaaaaaaaa 2237 

< 2 1 0 > 2 

< 2 1 1 > 542 

< 2 1 2 > PRT 

< 2 1 3 > I pomea n i 1 

< 2 2 3 > Amino acid sequence of protein having an 

activity to control pH in vacuoles 

< 4 0 0 > 2 

Met Ala Phe Gly Leu Ser Ser Leu Leu Gin Asn Ser Asp Leu Phe Thr 
15 10 15 
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Ser Asp His Ala Ser Val Val Ser Met Asn Leu Phe Val Ala Leu Leu 

20 25 30 

Cys Ala Cys He Val Leu Gly His Leu Leu Glu Glu Asn Arg Trp Val 

35 40 45 

Asn Glu Ser lie Thr Ala Leu He lie Gly Leu Cys Thr Gly Val Val 

50 55 60 

He Leu Leu Leu Ser Gly Gly Lys Ser Ser His Leu Leu Val Phe Ser 
65 70 75 80 

Glu Asp Leu Phe Phe He Tyr Leu Leu Pro Pro He He Phe Asn Ala 

85 90 95 

Gly Phe Gin Val Lys Lys Lys Gin Phe Phe Val Asn Phe Met Thr He 

100 105 110 

Met Leu Phe Gly Ala He Gly Thr Leu He Ser Cys Ser He He Ser 

115 120 125 

Phe Gly Ala Val Lys He Phe Lys His Leu Asp He Asp Phe Leu Asp 

130 135 140 

Phe Gly Asp Tyr Leu Ala He Gly Ala He Phe Ala Ala Thr Asp Ser 
145 150 155 160 

Val Cys Thr Leu Gin Val Leu Ser Gin Asp Glu Thr Pro Leu Leu Tyr 

165 170 175 

Ser Leu Val Phe Gly Glu Gly Val Val Asn Asp Ala Thr Ser Val Val 

180 185 190 

Leu Phe Asn Ala lie Gin Ser Phe Asp Met Thr Ser Phe Asp Pro Lys 

195 200 205 

He Gly Leu His Phe He Gly Asn Phe Leu Tyr Leu Phe Leu Ser Ser 
210 215 220 
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Thr Phe Leu Gly Val Gly lie Gly Leu Leu Cys Ala Tyr lie lie Lys 
225 230 235 240 

Lys Leu Tyr Phe Gly Arg His Ser Thr Asp Arg Glu Val Ala Leu Met 

245 250 255 

Met Leu Met Ser Tyr Leu Ser Tyr lie Met Ala Glu Leu Phe Tyr Leu 

260 265 270 

Ser Gly lie Leu Thr Val Phe Phe Cys Gly lie Val Met Ser His Tyr 

275 280 285 

Thr Trp His Asn Val Thr Glu Ser Ser Arg Val Thr Thr Arg His Ser 

290 295 300 

Phe Ala Thr Leu Ser Phe Val Ala Glu Thr Phe He Phe Leu Tyr Val 
305 310 315 320 

Gly Met Asp Ala Leu Asp lie Glu Lys Trp Lys Phe Val Lys Asn Ser 

325 330 335 

Gin Gly Leu Ser Val Ala Val Ser Ser lie Leu Val Gly Leu lie Leu 

340 345 350 

Val Gly Arg Ala Ala Phe Val Phe Pro Leu Ser Phe Leu Ser Asn Leu 

355 360 365 

Ala Lys Lys Asn Ser Ser Asp Lys lie Ser Phe Arg Gin Gin He He 

370 375 380 

He Trp Trp Ala Gly Leu Met Arg Gly Ala Val Ser He Ala Leu Ala 
385 390 395 400 

Tyr Asn Lys Phe Thr Thr Ser Gly His Thr Ser Leu His Glu Asn Ala 

405 410 415 

He Met He Thr Ser Thr Val Thr Val Val Leu Phe Ser Thr Val Val 
420 425 430 
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Phe Gly Leu Met Thr Lys Pro Leu He Asn Leu Leu Leu Pro Pro His 

435 440 445 

Lys Gin Met Pro Ser Gly His Ser Ser Met Thr Thr Ser Glu Pro Ser 

450 455 460 

Ser Pro Lys His Phe Thr Val Pro Leu Leu Asp Asn Gin Pro Asp Ser 
465 470 475 480 

Glu Ser Asp Met lie Thr Gly Pro Glu Val Ala Arg Pro Thr Ala Leu 

485 490 495 

Arg Met Leu Leu Arg Thr Pro Thr His Thr Val His Arg Tyr Trp Arg 

500 505 510 

Lys Phe Asp Asp Ser Phe Met Arg Pro Val Phe Gly Gly Arg Gly Phe 

515 520 525 

Val Pro Phe Val Ala Gly Ser Pro Val Glu Gin Ser Pro Arg 
530 535 540 
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< 2 1 3 > Artificial sequence 

< 2 2 0 > 

< 2 2 1 > 

< 2 2 2 > 

< 2 2 3 > Msel adaptor 

< 4 0 0 > 4 

tactcaggac teat 14 
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< 2 1 0 > 7 

< 2 1 1 > 19 

< 2 1 2 > DNA 

< 2 1 3 > Artificial sequence 

< 2 2 0 > 

< 2 2 1 > 

< 2 2 2 > 

< 2 2 3 > TIR+N primer 

< 4 0 0 > 7 

tgtgcatttt tcttgtagn 19 

< 2 1 0 > 8 

< 2 1 1 > 17 

< 2 1 2 ) DNA 

< 2 1 3 > Artificial sequence 

< 2 2 0 > 

< 2 2 1 > 

< 2 2 2 > 

< 2 2 3 > Mse 1 +N primer 

< 4 0 0 > 8 

gatgagtcct gagtaan 17 

< 2 1 0 > 9 

< 2 1 1 > 130 

< 2 1 2 > DNA 

(213) Artificial sequence 
( 2 2 0 > 

< 2 2 1 > 

< 2 2 2 > 

1 0/3 9 
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< 2 2 3 > 

< 4 0 0 > 9 

tgagcatttt tcttgtagtg ctgagatttt cctccatttg tctgaagctc ttcatccttc 60 
aacactaccc ccacatctca cctttcaagg tccaatcttt atcattcatc tttactcagg 120 

130 



actcatcgtc 
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22 



26 



29 
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< 2 1 2 > DNA 

< 2 1 3 > Artificial sequence 

< 2 2 0 > 
<. 2 2 1 > 

< 2 2 2 > 

< 2 2 3 > CBSCl-1 inker 

< 4 0 0 > 12 

cgatagatct gggggtcgac at 22 



< 2 


1 


0 > 


13 


< 2 


1 


1 > 


22 


< 2 


1 


2 > 


DNA 


< 2 


1 


3 > 


Artificial sequence 


< 2 


2 


0 > 




< 2 


2 


1 > 




< 2 


2 


2 > 




< 2 


2 


3 > 


CBSC2-1 inker 


< 4 


0 


0 > 


13 



cgatgtcgac ccccagatct at 22 

< 2 1 0 > 14 

< 2 1 1 > 2423 

< 2 1 2 > DNA 

< 2 1 3 > Petunia hybrida 

< 2 2 3 > Nucleotide sequence of DNA coding for protein 

having an activity to control pH in vacuoles 

< 4 0 0 > 14 

attgcgcttc gtattttact gctgaatgaa atcgtgtttt tttattcagt tcgttgttat 60 
taatttcaga gtttttttta ttaaaggtgt gtttggttga agaaattgta tttgctgaat 120 
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tttgcagaag tttttgagtt tttgctaaac tattgtgaga tctgattttg aatttttcca 180 
gtggtgtttt aagctcaatt cgacgtcgtt tttactggaa ttctgatcag taaatagggc 240 
tattttgatg taaggttgtg aaagtttaca gtttggaagt tgagttagtg aaaaagggga 300 
aactttattg tgatattttc acaagtattt ggtgaattca ggttattgag a atg get 357 

Met Ala 

ttt gat ttt ggg acg ttg ttg gga aat gta gac agg tta teg aea tct 405 
Phe Asp Phe Gly Thr Leu Leu Gly Asn Val Asp Arg Leu Ser Thr Ser 

5 10 15 

gat cat caa tea gtt gtg teg ata aae tta ttc gtt get ett att tge 453 
Asp His Gin Ser Val Val Ser lie Asn Leu Phe Val Ala Leu He Cys 

20 25 30 

gcg tgt att gtg ate ggt cat ttg ttg gaa gaa aac aga tgg atg aat 501 
Ala Cys He Val He Gly His Leu Leu Glu Glu Asn Arg Trp Met Asn 
35 40 45 50 

gag tec ata act gee tta gtg att ggt tct tgt act gga ate gtt att 549 
Glu Ser He Thr Ala Leu Val He Gly Ser Cys Thr Gly He Val He 

55 60 65 

eta ctg ata agt gga gga aag aae tct eat att tta gtg ttc agt gaa 597 
Leu Leu He Ser Gly Gly Lys Asn Ser His He Leu Val Phe Ser Glu 

70 75 80 

gat ett ttc ttc att tae ett ctt eeg cea ate att ttt aat get ggg 645 
Asp Leu Phe Phe He Tyr Leu Leu Pro Pro He He Phe Asn Ala Gly 

85 90 95 

ttc eag gtg aaa aag aaa teg ttc ttc cgc aat ttc age act ate atg 693 
Phe Gin Val Lys Lys Lys Ser Phe Phe Arg Asn Phe Ser Thr He Met 
100 105 110 
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etc ttt ggg gca ctt ggc acc ttg ata tea ttc att att ata tea tta 741 

Leu Phe Gly Ala Leu Gly Thr Leu He Ser Phe lie lie lie Ser Leu 

115 120 125 130 

ggt gee att gge att ttc aag aaa atg aat att gga age ett gaa att 789 

Gly Ala lie Gly He Phe Lys Lys Met Asn He Gly Ser Leu Glu He 

135 140 145 

gga gat tac ctt gca att ggg gca ate ttc tct get aea gat tet gta 837 
Gly Asp Tyr Leu Ala He Gly Ala He Phe Ser Ala Thr Asp Ser Val 

150 155 160 

tge ace tta caa gtg ctt aat cag gat gaa aea ccc tta ttg tac agt 885 
Cys Thr Leu Gin Val Leu Asn Gin Asp Glu Thr Pro Leu Leu Tyr Ser 

165 170 175 

eta gtt ttt ggg gaa ggt gtt gtg aat gat gee aea tet gta gtt ctg 933 
Leu Val Phe Gly Glu Gly Val Val Asn Asp Ala Thr Ser Val Val Leu 

180 185 190 

ttc aat get ate cag aac ttt gae tta tet cae ate gae aeg ggc aaa 981 
Phe Asn Ala He Gin Asn Phe Asp Leu Ser His He Asp Thr Gly Lys 
195 200 205 210 

get atg gaa tta gtt gga aac ttt eta tac ttg ttt gee tea age act 1029 
Ala Met Glu Leu Val Gly Asn Phe Leu Tyr Leu Phe Ala Ser Ser Thr 

215 220 225 

gee eta gga gtt get get ggc eta ctg age gee tat att att aaa aaa 1077 
Ala Leu Gly Val Ala Ala Gly Leu Leu Ser Ala Tyr He He Lys Lys 

230 235 240 

etc tac ttt gga agg cae tea act gae cgt gag gtt get ata atg ata 1125 
Leu Tyr Phe Gly Arg His Ser Thr Asp Arg Glu Val Ala He Met He 
245 250 255 
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etc atg get tac eta tet tac atg ctt get gaa tta ttc tat tta agt 1173 
Leu Met Ala Tyr Leu Ser Tyr Met Leu Ala Glu Leu Phe Tyr Leu Ser 

260 265 270 

gea ate ete aet gtg ttt ttc tet ggg ate gtg atg tet cac tac ace 1221 
Ala lie Leu Thr Val Phe Phe Ser Gly lie Val Met Ser His Tyr Thr 
275 280 285 290 

tgg cat aat gtg act gag age teg aga gte act ace aag cac act ttt 1269 
Trp His Asn Val Thr Glu Ser Ser Arg Val Thr Thr Lys His Thr Phe 

295 300 305 

get aca tta tea ttt att get gaa ata ttc ata ttc ctt tat gtt ggt 1317 
Ala Thr Leu Ser Phe He Ala Glu He Phe He Phe Leu Tyr Val Gly 

310 315 320 

atg gat get ttg gae att gag aag tgg aag ttt gta age gae age cet 1365 
Met Asp Ala Leu Asp He Glu Lys Trp Lys Phe Val Ser Asp Ser Pro 

325 330 335 

gga ata tea gtt cag gtt age tea ata ttg ctg ggt ctt gtt ttg gtt 1413 
Gly He Ser Val Gin Val Ser Ser He Leu Leu Gly Leu Val Leu Val 

340 345 350 

gga aga gca gea ttt gtt ttc cea ttg tea ttc ttg tec aac ttg ace 1461 
Gly Arg Ala Ala Phe Val Phe Pro Leu Ser Phe Leu Ser Asn Leu Thr 
355 360 365 370 

aag aaa act eca gag gcg aaa att agt ttt aac cag cag gtt aca ata 1509 
Lys Lys Thr Pro Glu Ala Lys He Ser Phe Asn Gin Gin Val Thr He 

375 380 385 

tgg tgg get gga ctt atg aga ggt gee gtt tet atg gcc ctt get tat 1557 
Trp Trp Ala Gly Leu Met Arg Gly Ala Val Ser Met Ala Leu Ala Tyr 
390 395 400 
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aat cag ttt acc agg gga ggt cat act cag tta cgc gca aat gca ata 1605 
Asn Gin Phe Thr Arg Gly Gly His Thr Gin Leu Arg Ala Asn Ala lie 

405 410 415 

atg ate aca agt act ate act gtt gtc ctt ttc age aca gte gtg ttt 1653 
Met He Thr Ser Thr He Thr Val Val Leu Phe Ser Thr Val Val Phe 

420 425 430 

ggg ttg atg aca aaa cet ttg att aga ata ttg eta ecc tea cac aaa 1701 
Gly Leu Met Thr Lys Pro Leu lie Arg He Leu Leu Pro Ser His Lys 
435 440 445 450 

cac ttg age aga atg ate tet tct gaa eca aeg ace eca aaa tec ttc 1749 
His Leu Ser Arg Met He Ser Ser Glu Pro Thr Thr Pro Lys Ser Phe 

455 460 465 

att gtg eca ctt ctt gae age aca caa gae tea gaa get gat ctg gaa 1797 
He Val Pro Leu Leu Asp Ser Thr Gin Asp Ser Glu Ala Asp Leu Glu 

470 475 480 

cgc cat gta ecc egt ecc cac agt ttg egg atg etc ctt tea ace eca 1845 
Arg His Val Pro Arg Pro His Ser Leu Arg Met Leu Leu Ser Thr Pro 

485 490 495 

tct cat aca gtg cat tat tac tgg aga aag ttt gae aat gca ttc atg 1893 
Ser His Thr Val His Tyr Tyr Trp Arg Lys Phe Asp Asn Ala Phe Met 

500 505 510 

cgt cea gtt ttc ggt gga cga ggt ttt gta cet ttt get eca gga tea 1941 
Arg Pro Val Phe Gly Gly Arg Gly Phe Val Pro Phe Ala Pro Gly Ser 
515 520 525 530 

ccg aca gae eca gtt ggt gga aat ttg caa tgatggagat acagattgea 1991 
Pro Thr Asp Pro Val Gly Gly Asn Leu Gin 
535 540 
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aaaagtggtc ttggtgaggg aagagggcag ttttttggta atgaggttcc gttttcttta 2051 
atgttaatag caagtgtggt taaaaagggg ttgtctagtt tataggtttt gcagatctca 2111 
agtatattca tttgggtgat catgttttca gctcagttat tgcttttggt cattgctgac 2171 
catcaatttc tgtggggaat tcctataggt tttctcccta acagttcttt tcttcatctt 2231 
tttgcaattt atcgaaacac caaatgggtg tatattctgt aagcttgtgg catagctagc 2291 
ttaattgtct tgtaaaattt cctacaggtt agagattggt tcttgatatg tagatttcat 2351 
atgattgtaa cattcccatt tctcagaaaa gaaactataa tataaaattt ctggtggctg 2411 
tcgcccgtgc tc 2423 

< 2 1 0 > 15 

< 2 1 1 > 540 

< 2 1 2 > PRT 

< 2 1 3 > Petunia hybrida 

< 2 2 3 > Amino acid sequence of protein having an 

activity to control pH in vacuoles 

< 4 0 0 > 15 

Met Ala Phe Asp Phe Gly Thr Leu Leu Gly Asn Val Asp Arg Leu Ser 

5 10 15 

Thr Ser Asp His Gin Ser Val Val Ser lie Asn Leu Phe Val Ala Leu 

20 25 30 

He Cys Ala Cys lie Val lie Gly His Leu Leu Glu Glu Asn Arg Trp 

35 40 45 

Met Asn Glu Ser lie Thr Ala Leu Val lie Gly Ser Cys Thr Gly lie 

50 55 60 

Val lie Leu Leu lie Ser Gly Gly Lys Asn Ser His lie Leu Val Phe 
65 70 75 80 

Ser Glu Asp Leu Phe Phe lie Tyr Leu Leu Pro Pro lie lie Phe Asn 
85 90 95 

17/39 



wo 01/14560 PCT/JP00/0S722 

Ala Gly Phe Gin Val Lys Lys Lys Ser Phe Phe Arg Asn Phe Ser Thr 

100 105 110 

He Met Leu Phe Gly Ala Leu Gly Thr Leu lie Ser Phe lie lie lie 

115 120 125 

Ser Leu Gly Ala lie Gly lie Phe Lys Lys Met Asn lie Gly Ser Leu 

130 135 140 

Glu lie Gly Asp Tyr Leu Ala He Gly Ala He Phe Ser Ala Thr Asp 
145 150 155 160 

Ser Val Cys Thr Leu Gin Val Leu Asn Gin Asp Glu Thr Pro Leu Leu 

165 170 175 

Tyr Ser Leu Val Phe Gly Glu Gly Val Val Asn Asp Ala Thr Ser Val 

180 185 190 

Val Leu Phe Asn Ala He Gin Asn Phe Asp Leu Ser His He Asp Thr 

195 200 205 

Gly Lys Ala Met Glu Leu Val Gly Asn Phe Leu Tyr Leu Phe Ala Ser 

210 215 220 

Ser Thr Ala Leu Gly Val Ala Ala Gly Leu Leu Ser Ala Tyr He He 
225 230 235 240 

Lys Lys Leu Tyr Phe Gly Arg His Ser Thr Asp Arg Glu Val Ala He 

245 250 255 

Met He Leu Met Ala Tyr Leu Ser Tyr Met Leu Ala Glu Leu Phe Tyr 

260 265 270 

Leu Ser Ala He Leu Thr Val Phe Phe Ser Gly He Val Met Ser His 

275 280 285 

Tyr Thr Trp His Asn Val Thr Glu Ser Ser Arg Val Thr Thr Lys His 
290 295 300 
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Thr Phe Ala Thr Leu Ser Phe He Ala Glu He Phe He Phe Leu Tyr 
305 310 315 320 

Val Gly Met Asp Ala Leu Asp He Glu Lys Trp Lys Phe Val Ser Asp 

325 330 335 

Ser Pro Gly He Ser Val Gin Val Ser Ser He Leu Leu Gly Leu Val 

340 345 350 

Leu Val Gly Arg Ala Ala Phe Val Phe Pro Leu Ser Phe Leu Ser Asn 

355 360 365 

Leu Thr Lys Lys Thr Pro Glu Ala Lys lie Ser Phe Asn Gin Gin Val 

370 375 380 

Thr He Trp Trp Ala Gly Leu Met Arg Gly Ala Val Ser Met Ala Leu 
385 390 395 400 

Ala Tyr Asn Gin Phe Thr Arg Gly Gly His Thr Gin Leu Arg Ala Asn 

405 410 415 

Ala lie Met He Thr Ser Thr He Thr Val Val Leu Phe Ser Thr Val 

420 425 430 

Val Phe Gly Leu Met Thr Lys Pro Leu He Arg He Leu Leu Pro Ser 

435 440 445 

His Lys His Leu Ser Arg Met He Ser Ser Glu Pro Thr Thr Pro Lys 

450 455 460 

Ser Phe He Val Pro Leu Leu Asp Ser Thr Gin Asp Ser Glu Ala Asp 
465 470 475 480 

Leu Glu Arg His Val Pro Arg Pro His Ser Leu Arg Met Leu Leu Ser 

485 490 495 

Thr Pro Ser His Thr Val His Tyr Tyr Trp Arg Lys Phe Asp Asn Ala 
500 505 510 
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Phe Met Arg Pro Val Phe Gly Gly Arg Gly Phe Val Pro Phe Ala Pro 

515 520 525 

Gly Ser Pro Thr Asp Pro Val Gly Gly Asn Leu Gin 
530 535 540 

< 2 1 0 > 16 

< 2 1 1 > 2553 

< 2 1 2 > DNA 

< 2 1 3 > Nierembergia hybrida 

< 2 2 3 > Nucleotide sequence of DNA coding for protein 

having an activity to control pH in vacuoles 

< 4 0 0 > 16 

aattattatt atttctctcc aactctcatt tctcagtttg ttgtgacttt ttcagagctt 60 
gaagttcagt taattcattt tccaatatat tgattgtttt catttgagcg cgagaggatt 120 
tcgtcttctc aatctgcttt caaatccttt ttgtttgtga tattcgatat tattcactca 180 
gtttacctta atatttcctc gcactttctg aattcgagtg ctttgaagtg tgttggattt 240 
cgaaaagcgg aagaaaattc agcaaaaacg ctgttgctga atttgcagca gtttgagttt 300 
ttgctaaata gctaagatct gattgaattt ttcactggtg cttataggga aattcgacgt 360 
cgttttgact gcaatatttg tccgtgattc ggactttgtt gaaattttgc tatttgaaat 420 
ttgaatgtaa ggttgtcata gctttgccac tcggaaatac agtcagtgag aaagaaaaaa 480 
aactgtgtag tgttttttcc acaagtattt ggtgaattga ggttcttgaa atg gcg 536 

Met Ala 

ttt gac ttt ggg act ctg ctg gga aag atg aac aac tta aca act tct 584 
Phe Asp Phe Gly Thr Leu Leu Gly Lys Met Asn Asn Leu Thr Thr Ser 

5 10 15 

gat cat caa tea gtg gtg teg gta aac ttg ttt gtt gca ctt att tgc 632 
Asp His Gin Ser Val Val Ser Val Asn Leu Phe Val Ala Leu lie Cys 
20 25 30 
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gcg tgt att gtg ate ggt cat tta ttg gag gaa aac aga tgg atg aat 680 
Ala Cys He Val He Gly His Leu Leu Glu Glu Asn Arg Trp Met Asn 

35 40 45 50 

gag tec ata act gee ctt gtg att ggt agt tge act gga gtc ate att 728 

Glu Ser He Thr Ala Leu Val lie Gly Ser Cys Thr Gly Val lie lie 

55 60 65 

eta eta ata agt gga gga aag aac tea cat att tta gtg tte age gaa 776 

Leu Leu lie Ser Gly Gly Lys Asn Ser His lie Leu Val Phe Ser Glu 

70 75 80 

gat ctt tte tte att tae ett ctt cea ceg ate att ttt aat get ggg 824 

Asp Leu Phe Phe lie Tyr Leu Leu Pro Pro He He Phe Asn Ala Gly 

85 90 95 

tte eag gtg aaa aag aaa tea tte tte egc aat tte agt act ate atg 872 

Phe Gin Val Lys Lys Lys Ser Phe Phe Arg Asn Phe Ser Thr He Met 

100 105 HO 

etc ttt ggg gea gtt ggc ace ttg ata teg tte att att ata tea gcg 920 

Leu Phe Gly Ala Val Gly Thr Leu He Ser Phe He He He Ser Ala 

115 120 125 130 

ggt get att ggc att tte aag aaa atg gat att gga cac ett gaa att 968 

Gly Ala He Gly He Phe Lys Lys Met Asp He Gly His Leu Glu He 

135 140 145 

gga gat tae ett gea att gga gea ate ttt get gea aca gat tet gta 1016 

Gly Asp Tyr Leu Ala He Gly Ala He Phe Ala Ala Thr Asp Ser Val 

150 155 160 

tge ace tta caa gtg ett aat eag gaa gaa aca ceg tta ttg tae agt 1064 

Cys Thr Leu Gin Val Leu Asn Gin Glu Glu Thr Pro Leu Leu Tyr Ser 

165 170 175 
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eta gtg ttt gga gaa ggt gtt gtg aat gat gcc aca tct gta gtg ctg 1112 

Leu Val Phe Gly Glu Gly Val Val Asn Asp Ala Thr Ser Val Val Leu 

180 185 190 

ttc aat get gtc eag aae ttt gae tta tct cat ate age aca gge aaa 1160 

Phe Asn Ala Val Gin Asn Phe Asp Leu Ser His He Ser Thr Gly Lys 
195 200 205 210 

get ctg eaa tta att gga aac ttt eta tac ttg ttt gcc teg age act 1208 

Ala Leu Gin Leu lie Gly Asn Phe Leu Tyr Leu Phe Ala Ser Ser Thr 

215 220 225 

ttc eta ggg gtt get gtt ggc eta eta agt gee ttt ata att aag aaa 1256 

Phe Leu Gly Val Ala Val Gly Leu Leu Ser Ala Phe He lie Lys Lys 

230 235 240 

etc tac ttt gga agg eac teg act gat cgt gag gtt get ata atg ata 1304 

Leu Tyr Phe Gly Arg His Ser Thr Asp Arg Glu Val Ala He Met lie 

245 250 255 

etc atg geg tac eta tea tac atg ctt get gaa tta ttc tat tta agt 1352 

Leu Met Ala Tyr Leu Ser Tyr Met Leu Ala Glu Leu Phe Tyr Leu Ser 

260 265 270 

gga ate etc act gtg ttt ttc tgt ggg ate gtg atg tct cae tat ace 1400 

Gly He Leu Thr Val Phe Phe Cys Gly He Val Met Ser His Tyr Thr 
275 280 285 290 

tgg eat aat gtg act gag age tea aga gtc act ace aag cae aeg ttt 1448 

Trp His Asn Val Thr Glu Ser Ser Arg Val Thr Thr Lys His Thr Phe 

295 300 305 

get aca tta tea ttt att get gaa ata ttc ata ttc ctt tat gtt ggt 1496 

Ala Thr Leu Ser Phe He Ala Glu He Phe He Phe Leu Tyr Val Gly 

310 315 320 
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atg gat get ttg gac att gag aag tgg aag ttt gta age gae age cce 1544 
Met Asp Ala Leu Asp He Glu Lys Trp Lys Phe Val Ser Asp Ser Pro 

325 330 335 

gga aea tea att aag gte age tea att etg eta ggt ett gtt ttg gtt 1592 
Gly Thr Ser lie Lys Val Ser Ser He Leu Leu Gly Leu Val Leu Vai 

340 345 350 

gga agg gga gee ttt gtt tte eee ttg tea tte ttg tec aae ttg ace 1640 
Gly Arg Gly Ala Phe Val Phe Pro Leu Ser Phe Leu Ser Asn Leu Thr 
355 360 365 370 

aag aaa aat cet gag gac aag att age ttt aac cag cag gtt aca ata 1688 
Lys Lys Asn Pro Glu Asp Lys lie Ser Phe Asn Gin Gin Val Thr lie 

375 380 385 

tgg tgg get ggg ett atg ega ggt get gtt tct atg gcc ett get tat 1736 
Trp Trp Ala Gly Leu Met Arg Gly Ala Val Ser Met Ala Leu Ala Tyr 

390 395 400 

aat cag ttt ace agg gga ggt eat act cag tta egt gee aat gea ata 1784 
Asn Gin Phe Thr Arg Gly Gly His Thr Gin Leu Arg Ala Asn Ala He 

405 410 415 

atg ate acg agt act ate act gtt gte ett tte age aca gtg gta ttt 1832 
Met He Thr Ser Thr He Thr Val Val Leu Phe Ser Thr Val Val Phe 

420 425 430 

ggg ttg atg aca aaa cet tta att eta tta ttg eta eee tea caa aaa 1880 
Gly Leu Met Thr Lys Pro Leu He Leu Leu Leu Leu Pro Ser Gin Lys 
435 440 445 450 

cac ttg ate aga atg ate tec tct gaa ccg atg act eca aaa tec tte 1928 
His Leu He Arg Met He Ser Ser Glu Pro Met Thr Pro Lys Ser Phe 
455 460 465 
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att gtg cca ctt ctt gac age aca caa gac tea gaa get gat ctg ggc 1976 
He Val Pro Leu Leu Asp Ser Thr Gin Asp Ser Glu Ala Asp Leu Gly 

470 475 480 

cga cat gta cce egt ccc eac agt ttg egg atg etc etg tea ace cea 2024 
Arg His Val Pro Arg Pro His Ser Leu Arg Met Leu Leu Ser Thr Pro 

485 490 495 

tet cac acg gta eat tac tae tgg aga aaa ttt gac aat gca tte atg 2072 
Ser His Thr Val His Tyr Tyr Trp Arg Lys Phe Asp Asn Ala Phe Met 

500 505 510 

egt ect gtt tte ggt gga cga ggt ttt gta cet ttt gtt cea gga tea 2120 
Arg Pro Val Phe Gly Gly Arg Gly Phe Val Pro Phe Val Pro Gly Ser 
515 520 525 530 

cet act gaa eeg gtc gaa ecg ace gaa cea aga cca gee gaa tea aga 2168 
Pro Thr Glu Pro Val Glu Pro Thr Glu Pro Arg Pro Ala Glu Ser Arg 

535 540 545 

cca acc gaa cca act gat gag tgattacact gatggagatg caggttgeae 2219 
Pro Thr Glu Pro Thr Asp Glu 
550 

taaagtccca etggccttgg agaaggaega aggcagtttt ttgggtttga ggttttgttt 2279 
actgttaata gttttcgaat gtggttaaaa aagggttgtc tagtttttat atataggtcg 2339 
cagatacgta atttcagetc agtteccgag gtgaaccect tagaggtttt cttcctgacg 2399 
gtttttcttc ttttttgtaa tttateaaaa acaccaaatg ggtgtatatt ctttaagett 2459 
gtagcttaat taccttataa gcatgtggta gegttcgtgt aatatgtaaa atttecattg 2519 
ceagaaaaga aacttccata caatatttct gccg 2553 

< 2 1 0 > 17 

< 2 1 1 > 553 

< 2 1 2 > PRT 
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< 2 1 3 > Nierembergia hybrida 

< 2 2 3 > Amino acid sequence of protein having an 

activity to control pH in vacuoles 

< 4 0 0 > 17 

Met Ala Phe Asp Phe Gly Thr Leu Leu Gly Lys Met Asn Asn Leu Thr 

5 10 15 

Thr Ser Asp His Gin Ser Val Val Ser Val Asn Leu Phe Val Ala Leu 

20 25 30 

lie Cys Ala Cys lie Val lie Gly His Leu Leu Glu Glu Asn Arg Trp 

35 40 45 

Met Asn Glu Ser lie Thr Ala Leu Val lie Gly Ser Cys Thr Gly Val 

50 55 60 

He lie Leu Leu lie Ser Gly Gly Lys Asn Ser His lie Leu Val Phe 
65 70 75 80 

Ser Glu Asp Leu Phe Phe lie Tyr Leu Leu Pro Pro lie lie Phe Asn 

85 90 95 

Ala Gly Phe Gin Val Lys Lys Lys Ser Phe Phe Arg Asn Phe Ser Thr 

100 105 110 

lie Met Leu Phe Gly Ala Val Gly Thr Leu lie Ser Phe lie lie He 

115 120 125 

Ser Ala Gly Ala He Gly He Phe Lys Lys Met Asp He Gly His Leu 

130 135 140 

Glu He Gly Asp Tyr Leu Ala He Gly Ala lie Phe Ala Ala Thr Asp 
145 150 155 160 

Ser Val Cys Thr Leu Gin Val Leu Asn Gin Glu Glu Thr Pro Leu Leu 
165 170 175 
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Tyr Ser Leu Val Phe Gly Glu Gly Val Val Asn Asp Ala Thr Ser Val 

180 185 190 

Val Leu Phe Asn Ala Val Gin Asn Phe Asp Leu Ser His lie Ser Thr 

195 200 - 205 

Gly Lys Ala Leu Gin Leu He Gly Asn Phe Leu Tyr Leu Phe Ala Ser 

210 215 220 

Ser Thr Phe Leu Gly Val Ala Val Gly Leu Leu Ser Ala Phe lie lie 
225 230 235 240 

Lys Lys Leu Tyr Phe Gly Arg His Ser Thr Asp Arg Glu Val Ala lie 

245 250 255 

Met lie Leu Met Ala Tyr Leu Ser Tyr Met Leu Ala Glu Leu Phe Tyr 

260 265 270 

Leu Ser Gly lie Leu Thr Val Phe Phe Cys Gly lie Val Met Ser His 

275 280 285 

Tyr Thr Trp His Asn Val Thr Glu Ser Ser Arg Val Thr Thr Lys His 

290 295 300 

Thr Phe Ala Thr Leu Ser Phe lie Ala Glu lie Phe lie Phe Leu Tyr 
305 310 315 320 

Val Gly Met Asp Ala Leu Asp lie Glu Lys Trp Lys Phe Val Ser Asp 

325 330 335 

Ser Pro Gly Thr Ser lie Lys Val Ser Ser lie Leu Leu Gly Leu Val 

340 345 350 

Leu Val Gly Arg Gly Ala Phe Val Phe Pro Leu Ser Phe Leu Ser Asn 

355 360 365 

Leu Thr Lys Lys Asn Pro Glu Asp Lys He Ser Phe Asn Gin Gin Val 
370 375 380 
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Thr lie Trp Trp Ala Gly Leu Met Arg Gly Ala Val Ser Met Ala Leu 
385 390 395 400 

Ala Tyr Asn Gin Phe Thr Arg Gly Gly His Thr Gin Leu Arg Ala Asn 

405 410 415 

Ala lie Met lie Thr Ser Thr lie Thr Val Val Leu Phe Ser Thr Val 

420 425 430 

Val Phe Gly Leu Met Thr Lys Pro Leu lie Leu Leu Leu Leu Pro Ser 

435 440 445 

Gin Lys His Leu lie Arg Met lie Ser Ser Glu Pro Met Thr Pro Lys 

450 455 460 

Ser Phe lie Val Pro Leu Leu Asp Ser Thr Gin Asp Ser Glu Ala Asp 
465 470 475 480 

Leu Gly Arg His Val Pro Arg Pro His Ser Leu Arg Met Leu Leu Ser 

485 490 495 

Thr Pro Ser His Thr Val His Tyr Tyr Trp Arg Lys Phe Asp Asn Ala 

500 505 510 

Phe Met Arg Pro Val Phe Gly Gly Arg Gly Phe Val Pro Phe Val Pro 

515 520 525 

Gly Ser Pro Thr Glu Pro Val Glu Pro Thr Glu Pro Arg Pro Ala Glu 

530 535 540 

Ser Arg Pro Thr Glu Pro Thr Asp Glu 
545 550 

< 2 1 0 > 18 

< 2 1 1 > 2361 

< 2 1 2 > DNA 

< 2 1 3 > Torenia hybrida 

< 2 2 3 > Nucleotide sequence of DNA coding for protein 
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having an activity to control pH in vacuoles 
< 4 0 0 > 18 

gttggagatt ccgagctgca gcatcacctt gcttatgtaa gctttaaaag tatcagaatt 60 
gaatatcgac cactggaaag tgttttagga cttggattct tatctattga gcttgtttga 120 
aggtgaaaaa aggctcgatc tcgttcctct atagttggtt ttctggagtt gcaagcgact 180 
ctactcggaa tctctttccg ccttattgga agctctgctt tactaaaaaa agtttgtctt 240 
tttatctctg attcatcata aaatctgcgg gagattcaga agcggagatc tggtgcccag 300 
agcaggagtt tcaactttga gcccgtttat atttataaac aaattccgag tccaaagatt 360 
gaactttgaa ataatcaaat aatcaagcaa gcaat atg ggg ttt gaa tct gta 413 

Met Gly Phe Glu Ser Val 

5 

att aag eta gcg gca agt gaa act gac aat ttg tgg age tct ggt cac 461 
He Lys Leu Ala Ala Ser Glu Thr Asp Asn Leu Trp Ser Ser Gly His 

10 15 20 

ggt tea gtg gtc get ata ace tta ttt gtc act ett etc tgc aca tgt 509 
Gly Ser Val Val Ala He Thr Leu Phe Val Thr Leu Leu Cys Thr Cys 

25 30 35 

ata gtg att ggt cat ctt ctg gag gaa aac cgt tgg atg aat gaa tct 557 
lie Val lie Gly His Leu Leu Glu Glu Asn Arg Trp Met Asn Glu Ser 

40 45 50 

ate att gcc etc ata att ggt tta gee acg gga gtt ata ate ctg tta 605 
lie He Ala Leu He He Gly Leu Ala Thr Gly Val He He Leu Leu 
55 60 65 70 

ata agt ggt gga aaa age tec cat etc ttg gtg ttc agt gag gat ctt 653 
He Ser Gly Gly Lys Ser Ser His Leu Leu Val Phe Ser Glu Asp Leu 
75 80 85 
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ttc ttc ate tat gcg ctg cca cca ate att ttt aat geg ggg ttc eaa 701 
Phe Phe lie Tyr Ala Leu Pro Pro lie lie Phe Asn Ala Gly Phe Gin 

90 95 100 

gta aaa aag aaa tea tte ttt cge aat ttc gea aet ata atg atg ttt 749 
Val Lys Lys Lys Ser Phe Phe Arg Asn Phe Ala Thr lie Met Met Phe 

105 110 115 

gga gca gtt ggt ace ttg ata tec tte ate ate att tea etc ggt aea 797 
Gly Ala Val Gly Thr Leu lie Ser Phe lie He lie Ser Leu Gly Thr 

120 125 130 

att gea ttc tte ecc aaa atg aae atg aga ett gga gtt gga gat tat 845 
lie Ala Phe Phe Pro Lys Met Asn Met Arg Leu Gly Val Gly Asp Tyr 
135 140 145 150 

ctt get att gga get att ttt get gea aea gae tea gtt tge aea tta 893 
Leu Ala He Gly Ala He Phe Ala Ala Thr Asp Ser Val Cys Thr Leu 

155 160 165 

eag gtg eta age cag gae gaa aea cca etg ttg tae agt eta gtg ttt 941 
Gin Val Leu Ser Gin Asp Glu Thr Pro Leu Leu Tyr Ser Leu Val Phe 

170 175 180 

ggc gag ggt gtt gta aat gae geg act tea gtg gtc eta ttt aat gca 989 
Gly Glu Gly Val Val Asn Asp Ala Thr Ser Val Val Leu Phe Asn Ala 

185 190 195 

gta eag aae tte gae ctg cet eat atg tet act get aaa get ttc gag 1037 
Val Gin Asn Phe Asp Leu Pro His Met Ser Thr Ala Lys Ala Phe Glu 

200 205 210 

ctt gtt gga aae tte ttt tat tta ttt get aea age aet gtg etg ggt 1085 
Leu Val Gly Asn Phe Phe Tyr Leu Phe Ala Thr Ser Thr Val Leu Gly 
215 220 225 230 
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gtt ctg act gga ttg ctt agt gca tac ate ata aaa aag etc tat ttt 1133 
Vai Leu Thr Giy Leu Leu Ser Ala Tyr He lie Lys Lys Leu Tyr Phe 

235 240 245 

gga agg cac tee act gat cgc gag gtt gee ata atg ata etc atg get 1181 
Gly Arg His Ser Thr Asp Arg Glu Val Ala He Met He Leu Met Ala 

250 255 260 

tat ctg teg tat atg tta get gaa tta tte gat ttg age ggt ate etc 1229 
Tyr Leu Ser Tyr Met Leu Ala Glu Leu Phe Asp Leu Ser Gly He Leu 

265 270 275 

aec gtg ttc tte tgt gga att gtg atg teg cac tat aca tgg cac aat 1277 
Thr Val Phe Phe Cys Gly He Val Met Ser His Tyr Thr Trp His Asn 

280 285 290 

gte act gaa aac tea aga gtt aec aec aag cat aca ttt gcg aea ttg 1325 
Val Thr Glu Asn Ser Arg Val Thr Thr Lys His Thr Phe Ala Thr Leu 
295 300 305 310 

tea ttt gtt get gaa ata ttt ata ttt ctg tat gtt ggc atg gat get 1373 
Ser Phe Val Ala Glu He Phe He Phe Leu Tyr Val Gly Met Asp Ala 

315 320 325 

tta gac att gag aaa tgg aga tte gta age ggc age atg aea aea tet 1421 
Leu Asp He Glu Lys Trp Arg Phe Val Ser Gly Ser Met Thr Thr Ser 

330 335 340 

gca get gte agt gca act ctg ctg gga ttg gtt ttg etc tea aga gca 1469 
Ala Ala Val Ser Ala Thr Leu Leu Gly Leu Val Leu Leu Ser Arg Ala 

345 350 355 

gee ttt gta tte cct tta tea ttt etc tec aat ctg gee aaa aag tec 1517 
Ala Phe Val Phe Pro Leu Ser Phe Leu Ser Asn Leu Ala Lys Lys Ser 
360 365 370 
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cca etc gaa aaa ate agt ete agg cag caa att ata ata tgg tgg get 1565 

Pro Leu Glu Lys He Ser Leu Arg Gin Gin He He He Trp Trp Ala 

375 380 385 390 

ggt ctt atg cgc gga gee gtt tec atg get ett get tac aag cag ttt 1613 

Gly Leu Met Arg Gly Ala Val Ser Met Ala Leu Ala Tyr Lys Gin Phe 

395 400 405 

act aga gaa ggt etc aca gtg gaa egt gaa aat gee ata tte ate acc 1661 
Thr Arg Glu Gly Leu Thr Val Glu Arg Glu Asn Ala He Phe He Thr 

410 415 420 

agt aca ate ace att gtg etc tte age act gtg gtg ttt ggt ttg atg 1709 
Ser Thr He Thr He Val Leu Phe Ser Thr Val Val Phe Gly Leu Met 

425 430 435 

aeg aag cce etc ate aat tta etg ata ece tea cca aag ett aac aga 1757 
Thr Lys Pro Leu He Asn Leu Leu He Pro Ser Pro Lys Leu Asn Arg 

440 445 450 

teg gte tct tea gaa eeg etg act cca aac tec ate aca ate cca ctt 1805 
Ser Val Ser Ser Glu Pro Leu Thr Pro Asn Ser He Thr He Pro Leu 
455 460 465 470 

etc ggg gaa agt cag gac tct gtg gee gaa eta tte age ate aga ggt 1853 
Leu Gly Glu Ser Gin Asp Ser Val Ala Glu Leu Phe Ser He Arg Gly 

475 480 485 

caa act tea caa ggt gge gaa cec gtt get cga eeg age age eta cgc 1901 
Gin Thr Ser Gin Gly Gly Glu Pro Val Ala Arg Pro Ser Ser Leu Arg 

490 495 500 

atg tta etc aca aag cec act cat acg gtg cac tat tat tgg aga aaa 1949 
Met Leu Leu Thr Lys Pro Thr His Thr Val His Tyr Tyr Trp Arg Lys 
505 510 515 
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ttc gac aat get ttt atg cgt ccg gtc ttt ggt ggg cgt ggc ttt gta 1997 
Phe Asp Asn Ala Phe Met Arg Pro Val Phe Gly Gly Arg Gly Phe Val 

520 525 530 

cca tat gtt ccc ggt tea ccg act gaa cga age gtt egc aac tgg gaa 2045 
Pro Tyr Val Pro Gly Ser Pro Thr Glu Arg Ser Val Arg Asn Trp Glu 
535 540 545 550 

gaa gag ace aaa eag taaaaagatt ttettgtgtg aatgatggtg aagagattag 2100 
Glu Glu Thr Lys Gin 
555 

attctttgga tattegtttt tettatttct aatgtgtcac ctgggaagtt gttgaatgaa 2160 
attatattat cgtetggttt tegactttge gettgtggaa ggaatatttc ttctggattt 2220 
tgcatggaaa eetcaatgat agggggtgtg atatttttgt tagaaaetga gtegtttgat 2280 
gtatattgtt ggtaatgcag etgggttttg ttttgtatgt atagtcatca agtgtgtatt 2340 
tattcatatt gttatgeagt c 2361 

< 2 1 0 > 19 

< 2 1 1 > 555 

< 2 1 2 > PRT 

< 2 1 3 > Torenia hybrida 

< 2 2 3 > Amino acid sequence of protein having an 

activity to control pH in vacuoles 

< 4 0 0 > 19 

Met Gly Phe Glu Ser Val He Lys Leu Ala Ala Ser Glu Thr Asp Asn 

5 10 15 

Leu Trp Ser Ser Gly His Gly Ser Val Val Ala lie Thr Leu Phe Val 

20 25 30 

Thr Leu Leu Cys Thr Cys lie Val lie Gly His Leu Leu Glu Glu Asn 
35 40 45 
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Arg Trp Met Asn Glu Ser lie He Ala Leu lie lie Gly Leu Ala Thr 

50 55 60 

Gly Val lie lie Leu Leu lie Ser Gly Gly Lys Ser Ser His Leu Leu 
65 70 75 80 

Val Phe Ser Glu Asp Leu Phe Phe He Tyr Ala Leu Pro Pro He lie 

85 90 95 

Phe Asn Ala Gly Phe Gin Val Lys Lys Lys Ser Phe Phe Arg Asn Phe 

100 105 110 

Ala Thr lie Met Met Phe Gly Ala Val Gly Thr Leu lie Ser Phe He 

115 120 125 

He He Ser Leu Gly Thr He Ala Phe Phe Pro Lys Met Asn Met Arg 

130 135 140 

Leu Gly Val Gly Asp Tyr Leu Ala He Gly Ala He Phe Ala Ala Thr 
145 150 155 160 

Asp Ser Val Cys Thr Leu Gin Val Leu Ser Gin Asp Glu Thr Pro Leu 

165 170 175 

Leu Tyr Ser Leu Val Phe Gly Glu Gly Val Val Asn Asp Ala Thr Ser 

180 185 190 

Val Val Leu Phe Asn Ala Val Gin Asn Phe Asp Leu Pro His Met Ser 

195 200 205 

Thr Ala Lys Ala Phe Glu Leu Val Gly Asn Phe Phe Tyr Leu Phe Ala 

210 215 220 

Thr Ser Thr Val Leu Gly Val Leu Thr Gly Leu Leu Ser Ala Tyr He 
225 230 235 240 

He Lys Lys Leu Tyr Phe Gly Arg His Ser Thr Asp Arg Glu Val Ala 
245 250 255 
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He Met He Leu Met Ala Tyr Leu Ser Tyr Met Leu Ala Glu Leu Phe 

260 265 270 

Asp Leu Ser Gly He Leu Thr Val Phe Phe Cys Gly He Val Met Ser 

275 280 285 

His Tyr Thr Trp His Asn Val Thr Glu Asn Ser Arg Val Thr Thr Lys 

290 295 300 

His Thr Phe Ala Thr Leu Ser Phe Val Ala Glu He Phe lie Phe Leu 
305 310 315 320 

Tyr Val Gly Met Asp Ala Leu Asp He Glu Lys Trp Arg Phe Val Ser 

325 330 335 

Gly Ser Met Thr Thr Ser Ala Ala Val Ser Ala Thr Leu Leu Gly Leu 

340 345 350 

Val Leu Leu Ser Arg Ala Ala Phe Val Phe Pro Leu Ser Phe Leu Ser 

355 360 365 

Asn Leu Ala Lys Lys Ser Pro Leu Glu Lys He Ser Leu Arg Gin Gin 

370 375 380 

He He He Trp Trp Ala Gly Leu Met Arg Gly Ala Val Ser Met Ala 
385 390 395 400 

Leu Ala Tyr Lys Gin Phe Thr Arg Glu Gly Leu Thr Val Glu Arg Glu 

405 410 415 

Asn Ala He Phe He Thr Ser Thr He Thr He Val Leu Phe Ser Thr 

420 425 430 

Val Val Phe Gly Leu Met Thr Lys Pro Leu He Asn Leu Leu He Pro 

435 440 445 

Ser Pro Lys Leu Asn Arg Ser Val Ser Ser Glu Pro Leu Thr Pro Asn 
450 455 460 
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Ser lie Thr He Pro Leu Leu Gly Glu Ser Gin Asp Ser Val Ala Glu 
465 470 475 480 

Leu Phe Ser He Arg Gly Gin Thr Ser Gin Gly Gly Glu Pro Val Ala 

485 490 495 

Arg Pro Ser Ser Leu Arg Met Leu Leu Thr Lys Pro Thr His Thr Val 

500 505 510 

His Tyr Tyr Trp Arg Lys Phe Asp Asn Ala Phe Met Arg Pro Val Phe 

515 520 525 

Gly Gly Arg Gly Phe Val Pro Tyr Val Pro Gly Ser Pro Thr Glu Arg 

530 535 540 

Ser Val Arg Asn Trp Glu Glu Glu Thr Lys Gin 
545 550 555 

< 2 1 0 > 20 
(211) 6298 

< 2 1 2 > DNA 

< 2 1 3 > I pomea ni I 

< 2 2 3 > Nucleotide sequence of promoter region of gene 

coding for protein having an activity to control 
pH in vacuoles 

< 4 0 0 > 20 

gatctcagtc tgtggatgtc ctagagacat tcatatttga agttgagagt tagctaaata 60 
gaaaggtaaa gacaattgga tcatataaag gtgatgagta ttatgggaaa ccatcaaaag 120 
ttgggcaaat tcccgtccca tttaagaaat tcctcgaatc taaaggcatt tgtgcataat 180 
acacaatgtc aggcacacca caacaaaatg gtgtggaaga aaggtgaaat cgtactctaa 240 
gggaaatggt taggagttag gtaaataatt gtacattgct tgtttcattg tggatatatg 300 
cattaaaaac aacagcatac ttactcaata gggttcctag taaggttgtt ttttaaaaca 360 
ccttatgaac tgtggacaag aaggaaacct agtttgagac atcttcacat tcagggttgt 420 
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caagctggag tgatgatata 


taatccacat 


gaaaataaat 


tatjjffatatc 


Cfii!r\f{CCfif t 


480 


aatggttatt tcattggata 


tccagaaagg 


tctaaaggta 


catgtttatt 


fftcctaatoa 

0 I'vV^ IrUU VV'C* 


540 


taagtacgag gattgttgag 


tctggtaatg 


ctcgcttcat 


ttaaaatggc 


j?aajttca5?tj? 


600 


ggagtgtggg agctcgtaat 


gttaaaatta 


aggagtcatt 


gatggttcta 


Kattcatcaa 


660 


gtgatccttt tttcctgttg 


ttgttcctat 


tgttgcagtg 


caKt^?ta^?cc 


ttatjjsraaat 


720 


actttggaac aacagcaact 


agatgctcaa 


attccacatg 


agffaaffctat 


tiitaaatjiraa 


780 


gatgaggttg aaactcaaga 


tgatgatcaa 


gtgaaatctc 


affcaRKaafft 


jyacattaacrcr 


840 


aggtctacta tagatagaaa 


agatcaacca 


ttcttgatga 


ctatatt5?tt 


tatacacttj? 


900 


agcattgata attatccagt 


ctcatttaac 


caagccatac 


a5?j?ataataa 


ttrtprt tsra 


960 


ggattatttt ggttttggtg 


gctcattctg 


ttcttsraj^ct 


ccaccaaatj? 


j?t ti?t ta^^^ia 


1020 


ttacctttct gaatggtaaa 


ttaaaagagg 


aagtatacat 


ffffattacm? 


ta?it??rt tpa 


1080 


tggccacagg aaaggaaaat 


ctggtatgta 


j?att)?aaj?at 


5jtc2atc tat 


IZfffl 1 1 a fia A P 


1 140 


atgcttctag acaatggtac 


ttgagattgt 


catttijijttt 


tcrtaffaratr 


artfft t£?a tf* 


1200 


ggtgtatcca cataaaggtt 


taatggaagc 


aafftttiitaa 


tcctaj?tatt 


apatirt taar 


1260 

1 U\J\J 


gacattcttc ttgctgctaa 


taataaaaj?j? 


Katjjttffccrt 


i?ati?t ta^iffcr 


fla taCTpt t tp 


n?o 


taagaacttt gaaatgaagg 


atatgggtga 


racttcatat 


jjtffat tffraa 


taaiZfiflfita t 

IfUGig^^Cl LCI If 


n8o 


tccgtaatag atcacatggg 


attttaggtt 


catcctagaa 


j?actcacatt 


aaraaacrt 1 1 


1440 


tagaaagata caaactggaa 


atctgcaaag 


agggtcctgt 


j?atacttaca 


ajTcrrartaacf 


IBOO 


gaccacatgc tcacctataa 


aatgaacgaa 


taacctagag 


jrttatajTJjt t 


attr^eat t p 


1560 


agactatgcc ggatgtttgg 


atacccgaaa 


atccacattc 


firaatatattt 


ttrrart tfirr 


1620 


tcgtggagca atatcttgga 


tgagtgtgaa 


ggagcctgtc 


attffctactt 


ccactataacr 


1680 


ggcagaattt gtagcatgct 


ttgaggctag 


tagacactat 


aaaaattggc 


tj?ccttj?t^c 


1740 


caacatcatt tgcatccagc 


tataagcatc 


tccattttcg 


aacatcattc 


Kattcttata 


1800 


gctggatgaa gatgattcac 


tgcactttgg 


ttgcatattg 


aagctgcgat 


t5?ctatc5?aa 


1860 


aacaaataac ctatctatat 


aaaacaaacg 


acttagattt 


agggaataag 


aaggaagata 


1920 


ctttttttaa aatcccaaaa 


ttacctttta 


ggtttgacct 


gcaaataaca 


ctttaagatc 


1980 


aaatcagata aaatgtcata 


atcaatgatc 

3 


aaattgaata 
6/39 


attttagtag 


tcgaggatca 


2040 
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aattggtaaa atccccatag tcgagggact aaaccagtaa ttttctcgcg tttgaacgtt 2100 

tgtccgaaaa ttggcattag cgatagctta attgagtttt tcaattctct aattttttaa 2160 

attttgtttc ttcataaaat ccttcacttt ttcactttgc taatattttg ccgaatttat 2220 

aatatttcca atttctaaag tagcagaacc ccagacgttg aactgccaat tttttttttt 2280 

gtttttgttt tttgtttttt tatttcctta tccctccacc tcattttgaa gttaattatt 2340 

attattaatt cattaatttt taaaatagag agactgcatt aacacaaaat tagccaatta 2400 

ggtagcagaa ttaaatttaa acaaacaagt tggtttaatg taatttttgt caatttaatt 2460 

tctctatttt tggacaaaaa ttaggtagac ttattaaatt aaataaacat gtttgtttaa 2520 

ttttacttct tctacctaag tttgtgtcaa ttcagtctct ctattttata aattaatgaa 2580 

tggttaaata taacttataa gtgcattgtg tccaaatgat cacaagagtt aggccaactt 2640 

cttttttcat ataggtgatt cttttttcga gtattacgta cacttcagtc ttgtcaacta 2700 

acacttagaa tttagttgtc attttcgaac ataggtgtca actaagtttg gtatccacta 2760 

tatagcacat gtattccaag agatttaatc tcattcatca tgacaacttc tctaccaatt 2820 

ctttgctcaa tcttttagtt agcgaattcg ctatattatc ctataacttt cagtatagtc 2880 

aacaaaaata aaatgtattg caagaaacta tttaatagtg tatgttatgt atatgtccta 2940 

tatgtctaga cttaccgtta tacatattac taatttacta tatgtccttc caattgcgaa 3000 

ttgactatcg taatgcatac atattggaga tatatatttt ttctaggggt aaatgcaggt 3060 

tggatcgacc cattaggcct gccccaacgc aaactttttt tgtcgggctt ttgcggaccg 3120 

gcttgcgggt tagaaaatac acagcccaag cccgtccatg cgggctcgcg ggccttattt 3180 

caaaaaaaaa aaaaatacta cgtattattc tattatttta tattcaaata gtctaatata 3240 

aataaataaa aaaatcgtgt ttgaaaatta cttttttttt tatatatatt ttttaaaatt 3300 

ttaatgttat atacgaagtg tgtgtaatat atatatatat atatatatat atatatatat 3360 

atatatatat atatatatat attatttata ttatttatat ttatgtttat atttaaatac 3420 

gggcatggct cgtcggctgg tccgttaggt ccgctctttt gtaggccatt tttttgtgtg 3480 

accctaaatc gtctcaccgc gggacaagta tagggcagct tgcggacttc ggtccatttt 3540 

gacatatata tatatatata tatatatata tatatatata tatatatata tatatatata 3600 

tatatatata taacattaaa atttaaaaaa tatagatttt ttttaaacat gaaaaaaatt 3660 
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aatattattt atattaaatt atttgaatat aaaataaata atactttttt atagcttgcg 3720 

ggctggtcca taaaagcccg taaaaagaat acgttggggt tggcctaatg gaccgatcca 3780 

acccgcattg acacccatag gaaaaacatc tatctccaat ttgtatgcat tacaatagtc 3840 

aatttgcaat tggaagagca tatagtaatt agtaatatgt ataacggtaa gtctagacat 3900 

attgaacatg tacataatac tattaaatag cttcttgcaa taggttttat ttttgttgac 3960 

tatacatgaa gttataggat aatatagcga attcacaaac taaaagattg agcaatgagt 4020 

tagtagaaaa gttgtcatga tggatgagat taaatctctt ggaatacatg tgctagtgga 4080 

taccaaactt agctgacacc tatgttcgaa aatgacaact aaattctact acgtaagtgt 4140 

tagttgacaa agtagagtgt actgaatact cgaaaaaaga atcagttatg tgaaaaaaaa 4200 

aagttggcct aactcttgtg atcattttag acacaatgca cttataagtt atactagtat 4260 

tttttatgcg cgatgcacaa aaaatagttg cacaatatta atacattata ttaaaatttt 4320 

aaatttattt agattttaga tatttaaatt gttctaacta ataatactaa taataataat 4380 

gtaaataatt tttataaatt tcagatttat atttaggtaa taattaacat ataactcaaa 4440 

tatataatgt gtatatatta ttattaaggg aaaatgacac tttttttccc tgagttatat 4500 

accacttttt ttcccttgag ttatttaagt ggctcttttc cccctaaaat gttaaatgga 4560 

catattaacc cttaaaataa atatttcaaa taaatatttc atttattttt cttctctaac 4620 

aaattattac tataatttgg ttcaaaccaa acagatacta tagcaaccaa accaaaatat 4680 

tccaattaca atttagaatc aaaacgcgat atttaaagtt tattaaaatt gcaaatcgga 4740 

atggtcggtt catgttccga actgaaaaaa taaaatacat ttattgttga atttagacta 4800 

ttttaaaata aaaaataaaa caaaatttta aaataaagac ggttcaaaat cgcgaaccga 4860 

atccggaacc gccggttcac ggttcatgat ccagtttttt tggttcataa aatttaataa 4920 

attgaaatct aaatattgga ttctagatct gaatcataac cgaaaacttt taattcgatt 4980 

actatagtgt ccggttcagt tcgaaccgaa ccgtggtcat tgctacatat acacaataat 5040 

ttgttggaga aattaaataa ataaaatgtt tactttaagg gtagaaatgt caatttaata 5100 

tttcgggggg aaaaccacca cttttaaatt aattgagggg gctaatgtgc ttatataaat 5160 

ataattgagg ggaaaaagtg gtataagtat ataacttagg gggaaaaaat gtcattttcc 5220 

ctattattaa tgaagaagat aagaaaatat atggtgaatg catgtgcctt tatagcataa 5280 
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tgtacaaaaa 


aaacttaacg 


aaaaaaacaa 


acataaataa 
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acttattatg 


tttttagatt 
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atacat)?cat 
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V/UUCIWU l/Q If If 


tatttaattt 
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aat tflraf ta 
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tttgtttaaa 
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tapaoCTf of f 

LdV/dd£i l/d If L 
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djsd IfdLfd tdd 




atcc;?tataa 


ta^aRacaRa 


5?aaacasraaa 




x^ov'fS I' i/Od 1/^ 


ifOdj^d If 1 1/ L 


ooou 


cctccatttj? 


tctj?aaj?ctc 


ttcatccttc 
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t ttaatttcc 
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d 1/2^ Ifddd If L L 




tatttatttt 


tci?jf^?tttct 
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